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INTRODUCCION

1. INTRODUCCION

1.1. Definicion y conceptos

Las bronquiectasias (BQ) son dilataciones anormales e irreversibles de los
bronquios, con alteracion del epitelio ciliar® y clinica secundaria, manifestandose
generalmente en forma de tos, expectoracion e infecciones respiratorias persistentes o
recurrentes®. Mas que una enfermedad concreta, constituyen el resultado final de
muchas patologias que comparten aspectos similares de manejo. En la practica habitual,
solemos diferenciarlas en BQ relacionadas con fibrosis quistica (FQ) y BQ no
relacionadas con FQ. Las primeras corresponden a una patologia ampliamente estudiada,
donde la evidencia cientifica es mayor y el manejo esta mas estandarizado. No obstante,
constituyen un porcentaje muy pequefio dentro del global de pacientes con BQ. En el
resto, la etiologia es muy dispar y la evidencia cientifica es menor, lo que ha obligado en
numerosas ocasiones a extrapolar los conocimientos disponibles en FQ para su aplicacion
en las BQ debidas a cualquier otra causa. De hecho, la primera normativa sobre el manejo
de las BQ en el mundo fue elaborada por un grupo espafiol hace tan solo algo mas de diez
afios’. Desde entonces hasta ahora, la vision global y el abordaje de esta entidad ha
variado de forma drastica, adquiriendo cada vez mas relevancia, debido a su mayor
prevalencia y al impacto negativo que supone su asociacion con otras patologias.

En el momento actual son consideradas como la tercera enfermedad inflamatoria
cronica de la via aérea en frecuencia, después del asma y de la enfermedad pulmonar
obstructiva cronica (EPOC)2%. No obstante, la prevalencia real de las mismas es
desconocida y se estima que oscila entre 53-566 casos por cada 100.000 habitantes. Esta

prevalencia se ve aumentada en mujeres y en ancianos*®.
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1.2. Recuerdo historico

El término bronquiectasia procede del griego Spdyyoc ("garganta”), &xraoic
("dilataciéon™) y el sufijo -za. Aungue es probable que las BQ nos acompafien desde el
principio de la humanidad, fueron descritas por primera vez en 1819 por René Laénnec.
Este médico francés, inventor también del estetoscopio, detalla la clinica de un paciente
con esta enfermedad de la siguiente manera: “Esta afeccion de los bronquios es siempre
producida por un catarro cronico, o por alguna otra enfermedad que produzca largos,
violentos y repetidos golpes de tos™. A partir de ese momento, han sucedido diferentes
acontecimientos que van sefialando la evolucion cientifica de las bronquiectasias a lo
largo de la historia. Asi, en 1901 se llevd a cabo la primera reseccion quirurgica en un
paciente con BQ y, en 1922, Sicard y Forestier, realizaron la primera broncografia con
contrate’, lo que supuso un enorme avance en la identificacion de las BQ. A mediados del
siglo XX, tras correlacionar las imagenes broncograficas con los hallazgos histoldgicos,
Reid propuso clasificar las BQ en tres tipos: cilindricas, varicosas y quisticas. Esta
clasificacion morfoldgica se sigue empleando en la actualidad®.

En el siglo XIX 'y a inicios del siglo XX, las bronquiectasias tuvieron una elevada
mortalidad. En aquella época, predominaban las formas destructivas y quisticas, resultado
generalmente de procesos infecciosos no tratados, que provocaban en pocos afios la
muerte del paciente. No es de extrafar, por lo tanto, que Cookson y Mason en 1938,
pusieran por titulo a uno de sus trabajos: “Bronchiectasis - A fatal disease”®. Superada
esta era, con la aparicion de los antibidticos y el empleo de las inmunizaciones, comenzé
a observarse un descenso en la incidencia, sobre todo en sus formas méas graves e
invalidantes. Este descenso relajd la atencion cientifica, al pensar que nos encontrabamos
con una enfermedad abocada a la desaparicion. De hecho, a finales de los 80, Barker

escribe un articulo en el que intenta alertar a la comunidad cientifica sobre el desinterés
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y la falta de atencion observadas sobre esta patologia, describiendo las BQ en su trabajo
como “una enfermedad huérfana”, a pesar de que todo hacia pensar que la prevalencia
estaba aumentando™®.

En la era post-antibiotica, podemos destacar dos momentos fundamentales en la
historia de las BQ: el reconocimento en 1982 de la tomografia computarizada (TC) como
método diagndstico de eleccion de las BQ y la descripcion de la fisiopatologia de las
mismas mediante la hip6tesis del circulo vicioso propuesta por Cole en 1986%2. Todos
estos avances han contribuido a aumentar los conocimientos sobre esta patologia, cuya
prevalencia, lejos de descender, se estima que esta en aumento en el momento actual.

Ademas de existir un aumento considerable en los diagndsticos de BQ en los
Gltimos afos, el interés cientifico y comercial también es mayor, lo que ha favorecido
mayor docencia e investigacion sobre esta entidad. De hecho, en el afio 2008, la Sociedad
Espafiola de Neumologia y Cirugia Toracica (SEPAR) publica las primeras normativas
del mundo sobre el diagnostico y tratamiento de las BQ*. Pero este interés por las BQ no
fue exclusivo de Espafia. A lo largo de esa década, se fueron publicando otras guias de
practica clinica por las diferentes sociedades implicadas en el manejo de esta enfermedad.
Asi, en el afio 2010, aparece la primera normativa britanica'®, actualizada posteriormente
en enero de 2019° y, en el afio 2017, se publica una guia europea para el manejo de las
BQ* y unas actualizaciones de la espafiola®*. Por tanto, lejos de ser una enfermedad en
extincion, hoy en dia se piensa que las BQ constituyen una de las patologias mas
frecuentes de la via aérea, con un nimero considerable de hospitalizaciones y un gasto

sanitario nada desdefiable.
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1.3. Epidemiologia y coste de las bronquiectasias

1.3.1. Prevalencia

La prevalencia de las bronquiectasias aun no se conoce bien y probablemente varia
de forma significativa entre paises. Las estimaciones realizadas la sitGan en torno a 42-
566 casos por cada 100.000 habitantes?. Su valor real es dificil de determinar, ya que son
maultiples y muy diferentes las etiologias que pueden causar esta enfermedad, las cuales
pueden variar de un area geogréafica a otray a lo largo del tiempo. Asi hasta los comienzos
del XX, las BQ se daban sobre todo en poblacion joven, sin embargo, con la aparicion de
los antibioticos y las campanas de vacunacion infantil, esta incidencia comenzo a decrecer
hasta casi desaparecer. Hoy en dia las BQ son mas frecuentes en ancianos y su incidencia

aumenta con la edad.

Tambien se han constatado resultados diferentes segun el area geogréafica
analizada. En Estados Unidos se ha estimado una prevalencia global de 52,3 casos por
100.000 adultos, con mayor rango en mujeres y ancianos. Si desglosamos los resultados
en funcion de la edad, observamos que la prevalencia varia significativamente, pasando
del 4,2 por 100.000 habitantes entre los 18 y los 34 afios, hasta el 271,8 por 100.000
habitantes mayores de 75 afios, siendo la prevalencia mayor en mujeres en todas los
rangos de edad®. Por otro lado, en Finlandia se encontré una incidencia de 2,7 por 100.000
habitantes'® y, en la poblacion infantil de Nueva Zelanda, fue del 3,7 por 100.000

habitantes, aunque con amplias variaciones segun la procedencia étnica®.

En el momento actual, se esta observando un aumento del nimero de casos de BQ
en los paises desarrollados. Existen diferentes razones que pueden justificar este
incremento, pero puede decirse que la mas destacada ha sido la generalizacion del empleo

de la tomografia axial computarizado de alta resolucion (TACAR) como método
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diagnostico de eleccion para la deteccion de BQ. Su utilizacion ha permitido detectar
formas maés leves, invisibles para una radiografia de torax, que en otro tiempo hubieran
pasado desapercibidas a pesar de su potencial trascendencia clinica. Otras razones que
han contribuido al aumento de la prevalencia de las BQ en los Gltimos afios son la mayor
longevidad de la poblacién y, por tanto, la mayor cronicidad de las enfermedades, el
empleo cada vez mas frecuente de farmacos inmunosupresores y la recientemente
reconocida asociacion de esta entidad con otras patologias muy prevalentes, como el asma

o la EPOC.

1.3.2. Morbilidad y mortalidad

Es evidente que las bronquiectasias constituyen un problema de salud importante,
mayor del esperado hace afos. Probablemente, en términos de morbilidad, la frecuencia
y la gravedad de las exacerbaciones sea lo que mas impacto tenga. Segun datos arrojados
por el Departamento de Salud Britanico hace mas de una década, hasta el 78% de los
pacientes que acudian a urgencias precisaban ingreso, siendo la estancia media del mismo
superior a 10 dias'’, mayor de la esperada para otros procesos como la EPOC. En los
Gltimos afios empiezan a surgir méas estudios con la intencion de cuantificar el impacto
sociosanitario de las BQ!2!, Entre los primeros se encuentra el trabajo publicado por
Seitz et al'®, quienes describen una tasa de hospitalizaciones ajustada por la edad en
EEUU entre 1993 y 2006, en torno a 16,5 por 100.000 habitantes, siendo mayor en
mujeres y ancianos, y observando a su vez un aumento de dicha tasa a lo largo del periodo

estudiado.

Por otra parte, existen pocos trabajos que evaluen los indices de mortalidad

generales en los pacientes con BQ?>24, Cabe destacar el trabajo llevado a cabo por Roberts
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et al?®, donde se recogen 5700 fallecimientos por BQ en Gales e Inglaterra durante el
periodo comprendudo entre 2001 y 2007, observando un incremento en la mortalidad
debida a BQ en la poblacion a un ritmo de un 3% anual. Existen discrepancias en cuanto
a los resultados de mortalidad obtenidos segun las series analizadas. Asi, en el trabajo de
Goeminne et al??, se observd una mortalidad global del 20,4% en pacientes con BQ, con
una mediana de seguimiento de aproximadamente 5 afios, aumentando al 55% cuando
presentaban una EPOC asocida. Sin embargo, en el trabajo de Loebinger et al®*, la
mortalidad a 4 y 8,8 afios fue del 9% y del 16.5% respectivamente. Estas diferencias
podrian deberse en parte a las diferencias en la prevalencia de la EPOC y de los pacientes

fumadores entre ambos estudios.

1.3.3. Carga economica

El impacto econémico de las BQ viene determinado por la suma de los costes de
las exacerbaciones (farmacos, visitas a urgencias, hospitalizaciones), el tratamiento de
mantenimiento en la fase estable y las pruebas complementarias realizadas para su
diagnostico y durante el seguimiento. Por tanto, es razonable pensar que, a mayor
gravedad de las BQ, mayor sera el coste asociado a las mismas, aunque no existen muchos
datos en la literatura al respecto. Weycker et al describieron un coste de 5.681 $ por
paciente y afio con respecto a los controles sin BQ®. Por otra parte, Joish et al?® estimaron
que los pacientes con BQ tenian un sobrecoste de 2.319 $ el primer afio tras el diagnostico.
No obstante, son estudios retrospectivos llevados a cabo en Estados Unidos, donde las
tarifas suelen ser mas elevadas que en otros sistemas sanitarios, por lo que resulta

complicado extrapolar estos datos a nuestro medio.
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En Espafa se llevo a cabo hace algunos afios un estudio multicéntrico en el que se
analizo el coste anual de las BQ en seis hospitales publicos?. Se estudiaron 456 casos,
observandose un gasto medio de 4.671,9 € por paciente y afio. El coste aumentaba con la
severidad de la enfermedad, llegando casi a 10.000 € en las formas graves. A su vez, se
evidencio que el coste anual fue mas elevado en tres subgrupos: en los pacientes con BQ
asociadas a EPOC, en aquellos que habian sufrido al menos dos exacerbaciones en el afio
anterior y en los pacientes con colonizacion bronquial por Pseudomonas aeruginosa. Si
se tiene en cuenta que la prevalencia real de las BQ en Espafia es desconocida, tampoco
es posible determinar con seguridad el impacto economico de las mismas. No obstante,
se podria realizar una estimacion en base a los resultados obtenidos en este estudio, tal y
como se ha propuesto en la literatura®®. Partiendo de la base de que la prevalencia de las
BQ en Espafia podria encontrarse entre los 52 y los 272 casos por 100.000 habitantes, y
aplicando los coste medios por paciente reflejados en este trabajo, el gasto total anual en
Espafia para los pacientes con BQ podria oscilar entre los 113.622.476,76 € y los
594.332.955,36 €. Por lo tanto, a pesar de los escasos trabajos disponibles, parece que el
coste sanitario de los pacientes con BQ es elevado, por lo que resulta recomendable

implementar medidas encaminadas a optimizar su manejo.

1.4. Fisiopatologia de las bronquiectasias

La fisiopatologia de las BQ puede explicarse mediante la hipotesis del circulo
patogénico propuesta por Cole (figura 1)'2. Esta hipotesis plantea la existencia de un
circulo vicioso que se generaria tras la aparicion de un evento inicial (una infeccion, una
alteracion genética, la aspiracion de contenido géastrico, etc.), que comprometeria el

aclaramiento mucociliar, la primera barrera de defensa del arbol bronquial. Una vez
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producida dicha alteracion, se impide la adecuada eliminacion del moco, prolongandose
el contacto de las bacterias con el epitelio bronquial y generandose una respuesta
inflamatoria local que, si no consigue eliminar estas bacterias, se cronifica, dafiando ain
mas el epitelio bronquial. EI proceso inflamatorio cronico causaria una mayor dificultad
en el aclaramiento mucociliar y esto a su vez provocaria una mayor alteracion del
aclaramiento de las secrecciones bronquiales. De esta forma se favoreceria la aparicién
de infecciones de repeticion y el dafio estructural, con la aparicién de BQ, que a su vez
predisponen a nuevas infecciones, cerrandose asi el circulo vicioso que se perpetuaria sin

poder eliminar la infeccidn bronquial.

Figura 1. Circulo vicioso patogénico propuesto por Cole et al'.

Infeccion por MPP
Progresion del
daio bronquial

N

Enzimas liticos

Inflamacion neutrofilica y Destruccion tisular
mononuclear Incremento de la
inflamacion

MPP: microorganismos potencialmente patogenos

Los estudios que se han llevado a cabo las ultimas décadas, han intentado
profundizar en esta teoria y conocer los diferentes mecanismos de inflamacion que

intervienen en la génesis y el desarrollo de las BQ. La inflamacion en los pacientes con
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esta enfermedad se encuentra dominada por los neutréfilos y determinnadas moléculas
como la interleucina-8 (11-8), el factor de necrosis tumoral-o (TNF- a) 0 el leucotrieno
B4'227 La purulencia del esputo se produce por el acimulo de los neutréfilos en la luz
bronquial®®, siendo la coloracion verde del mismo debido a la presencia de la
mieloperoxidasa, que se almacena en los granulos azurdfilos de los neutrdfilos?. Por lo
tanto, cuanto mas verde es el color del esputo mayor cantidad de células inflamatorias
contiene. Las células inflamatorias liberan distintos enzimas proteoliticos que las
antiproteasas locales no van a ser capaces de neutralizar. Este desequilibrio entre las
fuerzas proteoliticas y antiproteoliticas influird de manera decisiva en el desarrolo del
dafo en la luz bronquial, dando lugar a la formacion de BQ. Las BQ dificultan la correcta
depuracion mucociliar, lo que predispone a la colonizacion del arbol bronquial por
microorganismos como Pseudomonas aeruginosa, cuya presencia se asocia con una

enfermedad mas extensa.

1.5. Etiologia de las bronquiectasias

Las causas que pueden dar lugar al desarrollo de BQ son muy numerosas. En la tabla 1
se recoge el principal espectro etiologico de las mismas. La frecuencia de las diferentes
etiologias muestra variaciones segun la poblacién estudiada, el nivel socioeconémico y
el grado de investigacion que se lleve a cabo tras el diagnostico®%-3*, En general, las causas
postinfecciosas siguen siendo las mas prevalentes en la mayoria de las series, aunque su
frecuencia ha disminuido en los paises desarrollados®!. Esto puede ser debido en parte a
la aparicidn de los antibidticos, el desarrollo de campafias de vacunacion infantil y a los
avances en el manejo de la tuberculosis. Por el contrario, en las zonas menos

desarrolladas, la mayoria de los casos tienen un origen infeccioso®.
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Tabla 1. Etiologia de las bronquiectasias.

Bacterias, micobacterias, virus, hongos

Primarias: Déficits de anticuerpos, inmunodeficiencias
combinadas, disfuncién de los neutrofilos, etc.

Secundarias: VIH, quimioterapia. transplantes,
neoplasias hematologicas, etc.

Fibrosis quistica
Discinesia ciliar primaria

Sindrome de Young

Intrinseca: estenosis cicatricial, broncolitiasis, tumor

Extrinseca: adenopatias, fuumor, aneurisma

Aspiracion, RGE

Inhalacién de toxicos: drogas, gases, etc

Traqueobroncomegalia (Sindrome de Mounier-Kuhn)
Defectos del cartilago (Sindrome de William-Campell)
Secuestro pulmonar

Traqueobroncomalacia

Artritis reumatoide, lupus eritematoso sistémico,
sindrome de Sjbgren, etc

Enfermedad inflamatoria intestinal

Sindrome de las uiias amarillas

EPOC., asma, sindrome de Swyer-James

Déficit de alfa-1-antitripsina
Aspergilosis broncopulmonar alérgica

Panbronquiolitis difusa

Fuente: Modificada de Normativa SEPAR. Diagnéstico y tratamiento de las bronquiectasias®

EPOC: enfermedad pulmonary obstructive cronica; RGE: reflujo gastroesofigico; VIH: virus de la
inmunodeficiencia humana adquirida
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Tabla 2. Comparativa de etiologias publicadas sobre bronquiectasias.

Periodo 2002-2011 Hasta 2015 1995-1997 2009-2013
Tamaiio (n) 2113 8608 150 1258
Idiopaticas 24.2% 44.8% 53% 40%
Postifecciosas 30% 29.9% 29% 20%
FQ 12.5% - 3% -
Inmunodeficiencias 9.9 5% 8% 5.8%
EPOC 7,8% 3,9% - 15%
Asma 5,4% 1,4% - 3,3%
Disfuncion ciliar 2.9% 2.5% 1,5% 1,7%
Sistémicas y 1,4% 3.8% 3% 11,9%
conectiopatias e o070 o0 e
Aspiracion. RGE 1,5% 0,7% 4% 0,6%
ABPA 0,9% 2,6% 7% 4,5%
Malformaciones 0,7% 0,4% <1% 0,6%
Déi?ci.t d? alfa-1- 0.5% 0.4% _ 0.6%
antitripsina

ABPA: aspergilosis broncopulmonar alérgica, EPOC: enfermedad pulmonar obstructiva cronica, FQ:

fibrosis quistica, RGE: reflujo gastroesofagico

En cualquier caso, se debe realizar una blsqueda sisteméatica de la causa
subyacente cuando se detecta la presencia de BQ, con el fin de reconocer aquellas
etiologias que disponen de un tratamiento especifico y, por lo tanto, son susceptibles de
mejorar su prondstico y evolucion tras la instauracion del tratamiento adecuado’

313143136 No obstante, tal y como se muestra en la tabla 2, a pesar de llevar a cabo una
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exhaustiva investigacion etioldgica, existe un porcentaje considerable de casos de origen

desconocido, que oscila entre un 24-53%, segun las series analizadas®:313334,

En nuestra pais, el trabajo més relevante en este sentido es el publicado por Olveira
et al**, en el que se analizo la etiologia de las BQ a partir de una cohorte de pacientes
incluidos en el Registro Historico Espafiol de BQ de la SEPAR (RHEBQ-SEPAR) desde
el afio 2002 hasta e 2011. Se estudiaron 2.047 pacientes procedentes de 36 centros
espafoles, llegando a identificar la etiologia en el 75,8% de los casos, de los cuales, el
origen infeccioso fue el mas frecuente (30%), seguido de la FQ, las inmunodeficiencias,
la EPOC y el asma. A su vez, también se observaron diferencias segln la etiologia
observada, de manera que las BQ secundarias a infecciones, EPOC o asma tendian a tener
peor funcién pulmonar. Por otro lado, las BQ idiopaticas eran mas frecuentes en mujeres
no fumadoras, con mejor funciéon pulmonar y menor incidencia de infeccién por

Pseudomonas aeruginosa.

1.6. Manifestaciones clinicas de las bronquiectasias

Las manifestaciones clinicas de los pacientes con BQ engloban los sintomas
relacionados con las BQ y los propios de la enfermedad de base que ha generado las
mismas. Algunos pacientes pueden permanecer asintomaticos durante afios y la clinica
suele desarrollarse de forma gradual, con frecuencia a raiz de un proceso infeccioso. Son
frecuentes las infecciones respiratorias de repeticion y, fuera de estos episodios, los
pacientes pueden permanecer asintomaticos o presentar tos y expectoracion. Aunque en
los de menor afectacion la tos puede ser seca y ocasional, en los pacientes con mayor
extension de las BQ, la tos suele acompanarse de expectoracion, que puede ser mucosa,

mucopurulenta o purulenta. La descripcion detallada de las caracteristicas y la cuantia de
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la expectoracion es un aspecto fundamental en la valoracion de los pacientes con BQ. De
hecho, en las ultimas normativas nacionales para el manejo de las BQ se recomienda el
empleo de escalas que permitan clasificar de forma homogénea los aspectos mas
relevantes de estos pacientes®. En este sentido, se propone el empleo de la escala de
Murray®’ para medir el grado de purulencia del esputo. Se trata de una escala
colorimétrica, que permite al paciente sefialar la coloracion habitual de su esputo sobre la
misma, lo cual se correlaciona bien con los diferentes parametros de infeccidn respiratoria

(figura 2).

Figura 2. Tabla para valorar la coloracion del esputo de menor a mayor

purulencia3’.

MUCOSO MUCO-PURULENTO PURULENTO PURULENTO

Durante las agudizaciones puede aparecer dolor tordcico y autoescucha de

sibilancias sobre el &rea de las BQ. Como norma general, se recomienda que ante todo
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paciente con tos y expectoracion de etiologia no aclarada, se incluya a las BQ en el
diagndstico diferencial, especialmente si no es fumador®. Finalmente, en fases mas
avanzadas de la enfermedad, suele existir disnea, pérdida de peso, astenia e insuficiencia

respiratoria.

La hemoptisis es un sintoma relativamente frecuente en los enfermos con BQ, ya
que sus arterias bronquiales suelen ser tortuosas e hipertroficas. Aparece con mas
frecuencia durante las exacerbaciones infecciosas, aunque también puede verse
favorecida por otros motivos (toma de anticoagulantes, inhalacién de farmacos,
trombopenia, etc). Suele ser leve y desaparecer tras instaurar las medidas terapéuticas
habituales (reposo, suspension de la fisioterapia y aerosolterapia, antibioticos), no
obstante, cuando se presenta en forma de hemoptisis masiva, puede llegar incluso a ser

necesario la embolizacion de las arterias bronquiales.

Por otro lado, existen una serie de sintomas y signos relacionados con la
enfermedad de base cuya presencia debe investigarse a la hora de realizar la anamnesis
de estos pacientes (tabla 3). Esta informacion resulta en ocasiones de gran relevancia, al

orientar el diagnostico etioldgico.

La exploracion fisica en los pacientes con BQ puede ser completamente anodina
en un gran nimero de casos. En otras ocasiones pueden encontrarse crepitantes, roncus y
sibilancias en la auscultacion pulmonar, dependiendo de la extension de la enfermedad y
del grado de afectacion pulmonar que exista. Se han publicado estudios analizando la
auscultacion pulmonar en las BQ, siendo la presencia de crepitantes la exploracion mas
frecuentemente descrita®®#. Las acropaquias o dedos en palillo de tambor son

infrecuentes en los enfermos con BQ y suelen detectarse en fases avanzadas.
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Tabla 3. Sintomas relacionados con la enfermedad de base.

- Obstruccion nasal, rinorrea, epixtasis, cefalea, anosmia, otitis, etc

- FQ, sindrome de Young, asma, DCP

- RGE, diarrea, esteatorrea, rectorragia, etc
- Enfermedad celiaca, colitis ulcerosa, hernia de hiato, enfermedad

de Crohn, FQ, déficit de alfa-1-antitripsina

- Artralgias o mialgias

- Conectivopatias

- 0Ojo seco

- Sindrome de Sjogren

DCP: discinesia ciliar primaria, FQ: fibrosis quistica, RGE: reflujo gastroesofagico

1.7. Diagnostico de las bronquiectasias

El proceso diagndstico se basa en el algoritmo propuesto en la normativa SEPAR de
2018 (figura 3)%. En todo paciente con sospecha de BQ se debe Ilevar a cabo una historia
clinica detallada y realizar una bateria minima de pruebas complementarias y otras

especificas que variaran en funcion de la sospecha etioldgica.

1.7.1. Anamnesis

La historia clinica inicial debe investigar la presencia de los sintomas mas
frecuentes de las BQ y de aquellos cuya presencia puede ayudar a orientar el diagnostico
etiologico (tabla 3). Ademas, es de gran utilidad especificar las caracteristicas del esputo,

tanto cualitativas (escala de Murray), como cuantitativas.
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Figura 3. Algoritmo diagnostico de las bronquiectasias.

SOSPECHA OE BQ
Infecciones respiratorizs o hamoptisis de repeticion, expectoracion
erdmica ., radiografia susestivea

h 4

TCAR

Cultivos de esputo {bacterias, micobacterias y hongos}
Pruebas funcionales {espirometria, difusién y pletismografia)
Analitica (themograma, V5G, PCR, proteinograma, Inmunoglobulinas)

Diogndstico: M. congénitas,
tragueobroncomegalla, situs inversus,
obstruccién bronquial.

ABPA, micobacterias no tuberculosas,
inmunodeficiencias

SOSPECHA CLINICA

PRUEBAS DIAGNOSTICAS

Sospecha: défich de alfa-1-antitripsina,

Inmunodeficiencias: Infecciones de
repeticién, disminucién de
gammaglobulinas

Estudio inmunoldgico:
Subclases de 1gG y
produccion de anticuerpos
especificos. Inmunidad
celular.VIH si factor de riesgo

- Historla familiar

- Cronologia de los sintomas

- Antecedente de infeccidn
{sarampidn, tosferina, etc) con
aparicién da clinica respiratoria
posterior

- Susceptibilidad a infecciones: otitls,
sinuslils, diarreas, ete.

- Enfermedades concomitantes
Intestinalas (colitis ulcerasa, Crohn),
sistémicas (artritis reumatolde, LES,
etc.), asma, EPOC.

- Inhalacién de téuicos

- Aspiracién: RGE, disfagia

- Factores de riesgo para
nmunodeficiencla secuundaria: VIH,
quimiotarapia, trasplante, etc.

- Inferdlidad

- Pancreatitis recurvente

- Clinlca de hiperreactividad
brenquial

- Rinosinusitis, alteracion del olfato
EXPLORACION FISICA:

ﬂsr ORIA CLIMICA \

FQ: antecedentes familiares,
sinusitis, infertilidad, diabetes,
pancreatitis, colonizacién bronquial
(S. aureus, ABPA)

Prueba del sudor, estudio
genético, diferencia del
potencial nasal,
espermiograma

ABPA: asma, BQ centrales

IgE e 1gG Aspergillus
fumigatus, prick Aspergillus

Déficit de alfa-1-antitripsina:
enfisema, hepatopatia

Fenotipo, niveles de alfa-1-
antitripsinna

A 4

DCP: otitis, rinusinusitis,
dextrocardia, infertilidad

Oxido nitrico nasal. Batido
ciliar, ultraestructura ciliar,
gammagrafia de motilidad
ciliar con albumina marcada
con TC. Espermiograma

RGE: hernia de hiato, gastrectomia,
transplante pulmén

pHmetria, manometria,
TEGD

Infeccién por micobacterias: TC
compatible

PPD, IGRA, 2 muestras
respiratorias con MNT

Obstruccién bronquial

Broncoscopia

&=

Panbronquiolitis difusa: asidticos,
sinusitis, obstruccién flujo aéreo
progresiva, hiperinsuflacién
pulmonar, arbol en brote

Biopsia pulmonar

No sospecha clinica: descartar inmunodeficiencias con déficit de produccién de
anticuerpos, RGE, ABPA, MNT, FQ, DCP v déficit de alfa-1-antitripsine,

Fuente: Modificada de Normativa sobre la valoracién y el diagnostico de las bronquiectasias en el adulto®

ABPA: aspergilosis broncopulmonar alérgica, DCP: discinesia ciliar primaria, EPOC: enfermedad pulmonar obstructiva cronica,
FQ: fibrosis quistica, IGRA: interferon gamma release assay, LES: lupus eritematoso sistémico, M: malformaciones, MNT:
micobacterias no tuberculosas, PCR.: proteina C reactiva, PPD: prueba cutanea de derivado proteico purificado. RGE: reflujo

gastroesofagico, TACAR: tomografia computarizada de alta resoluciéon, TEGD: transito esofagogastroduodenal, VSG: velocidad de

sedimentacion globular

24




INTRODUCCION

1.7.2. Datos de laboratorio

En el hemograma puede encontrarse leucocitosis con neutrofilia, sobre todo
durante las exacerbaciones infecciosas. La velocidad de sedimentacion globular (VSG) y
la proteina C reactiva (PCR) pueden estar elevadas, incluso en fase de estabilidad clinica.
De hecho, estos marcadores de inflamacion se relacionan con la presencia de una peor
funcion pulmonar y una mayor extension de las BQ en la TCAR*. En la bioquimica
pueden observarse alteraciones de las enzimas hepaticas en los pacientes con FQ o con
déficit de alfa-1-antitripsina. En estos ualtimos, también puede aparecer en el

proteinograma un descenso en los niveles totales de alfa-1-globulina.

Otra de las determinaciones que suele realizarse de forma rutinaria en los
pacientes con BQ es la concentracion de inmunoglobulinas (Ig) en sangre del tipo Ig A,
IgM, IgE e IgG y subclases de la misma (IgG1-4). La IgE puede encontrarse elevada en
procesos alérgicos, haciendo mencion especial a la aspergilosis broncopumonar alérgica
(ABPA). EIl resto de inmunoglobulinas pueden disminuir ante enfermedades que
producen inmunodeficiencia humoral o aumentar cuando existe infeccion bronquial

crénica.

1.7.3. Alteraciones radioldgicas

En los pacientes con clinica compatible con BQ suele realizarse una radiografia
de torax como parte del examen inicial. Sin embargo, esta técnica tiene baja sensibilidad
y especificidad para el diagnostico y se emplea habitualmente a lo largo del seguimiento,
cuando se sospecha la existencia de complicaciones como neumonias, atelectasias o
neumotdrax. La TCAR ha demostrado ser superior a la radiografia de torax para la

deteccion de BQ y constituye el método diagndstico de eleccion en el momento actual.
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Ademas, permite valorar la morfologia de las mismas, el grado de extension, la evolucion
a lo largo del tiempo y ofrece la posibilidad de detectar datos adicionales que orienten en
la busqueda etioldgica, como en el sindrome de Mounier-kuhn, donde se observaria una
dilatacion marcada de traquea y los bronquios principales. EI procedimiento técnico para
llevar a cabo el estudio de BQ que se recomienda fue descrito por Grenier*?. Se realizan
cortes de 1-1,5 mm a intervalos de 10 mm, en inspiracién maximay con un algoritmo de
reconstruccion de alta resolucion. También se realizan algunos cortes en espiracion para

valorar la presencia de atrapamiento aéreo.

Para la identificacion de BQ por TCAR se recomienda seguir los criterios
propuestos por Naidich!! en 1982, que siguen estando vigentes en el momento actual y se
basan en la presencia un una serie de signos directos e indirectos (tabla 4)*. El mas
importante es la dilatacion bronquial, que consiste en demostrar un diametro interno del
bronquio mayor que el de la arteria bronquial adyacente, es decir, un indice broncoarterial
superior a 1. En condiciones normales, sin embargo, el diametro de bronquio y arteria

son similares.

También se puede llevar a cabo una clasificacion morfoldgica de las BQ en funcion

del grado de dilatacion bronquial. De esta forma pueden dividirse en tres grupos:

- Cilindricas: presentan escasa dilatacion bronquial y esta es uniforme a lo largo de todo
el trayecto. Es el tipo mas comun.

- Varicosas: las dilataciones bronquiales son irregulares, alternando zonas de diltacion
con zonas de contriccion; por eso también se llaman “arrosariadas”.

- Quisticas: el bronquio adopta una morfologia de saco o quiste. Si se acumulan
secreciones en su interior se pueden observar niveles hidroéereos, pudiendo detectarse

las tipicas imagenes en “nido de golondrina”. Las BQ quisticas suelen estar
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relacionadas con formas mas graves de la enfermedad. De hecho, se asocian con mas

frecuencia a expectoracion purulenta y colonizacion por Pseudomonas aeruginosa®.

Tabla 4. Signos de BQ en la tomografia axial computarizada de alta resolucion

(TCAR).

SIGNOS DIRECTOS

e Dilatacion bronquial: indice broncoarterial mayor que 1

e Anormalidades del contorno bronquial
o Signo del anillo de sello (corte transversal)
o Rail de tranvia (bronquio horizontal al plano de corte)
o Ristra de perlas (bronquio horizontal al plano de corte)
o Qustes arracimados

e [Falta de afilamiento bronquial

e Visualizacion de bronquios periféricos
o A menos de 1 em de la pleura costal

o En contacto con la pleura mediastinica

SIGNOS INDIRECTOS

e Engrosamiento de la pared bronquial

Impactos mucoides
o LEstructuras tubulares o en formade Y
o Opacidades redondeadas o ramificads (cortes transversales)
o Niveles hidroaéreos

e Patrén en mosaico

e Nadulos centrilobulillares, nddulos en arbol en brote

e Areas focales de atrapamiento aéreo

e Atelectasias/consolidacion

Fuente: Tomado de Webb et al.*?
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Tabla 5. Sistema de puntuacion de Bhalla modificada.

Leve: diametro

Grave: luz >3

luz Moderado: 2-3
ligeramente veces mayor que | oo Yo
Gravedad de las BQ Ausente & 8 mayor 4 que el
mayor que el el diametro del .,
., diametro del
diametro del vaso
vaso
vaso
Grave:
Leve: .
. Moderado: engrosamiento
engrosamiento .
. engrosamiento de | de la pared
Engrosamiento de la pared
eribronquial Ausente ioual al la pared mayor y | mayor del
riprongui
P 1 g hasta el doble del | doble del
diametro del .. ..
diametro del vaso | diametro del
vaso adyacente
vaso
Extension (n° de Ausente 1-5 6-9 ~9
segmentos)
Extension de 1
xrension €708 Ausente 1-5 6-9 =9
tapones de moco
Saculaciones o
abscesos (n° de Ausente 1-5 6-9 >9
segmentos)
G ions d Hasta la 6°
.. 'eneracmns ? Hasta la 4° Hasta la 5° st _a'
divisiones bronquiales Ausente .. .. generacion y
generacion generacion .
afectas distal
Unilateral (no .
N° de bullas Ausente ~4) ( Bilaterala (no >4) >4
Atrapamiento aéreo Ausente 1-5 >5
Subsegmen- Segmentario/
Colapso/condensaciéon | Ausente g g
tario Lobar

Fuente: Modificada de Bhalla et al*®.

Existen diversos sistemas de puntuacion para evaluar la gravedad de los hallazgos

descritos en la TCAR. La mayoria de estas escalas se han desarrollado para FQ. No

obstante, son extrapolables al resto de BQ. De todas ellas, la recomendada en las Gltimas

normativas nacionales es la escala de Reiff modificada®, que basa su sistema de

puntuacién en el indice broncoarterial en los diferentes I16bulos pulmonares (0 puntos <
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1; 1 punto = 1-2; 2 puntos = 2-3; 3 puntos > 3; en cada uno de los 6 l6bulos pulmonares).

Otra de las escalas méas empleadas es la escala de Bhalla*® (tabla 5).

Este sistema mantiene una buena concordancia interobservador, valora con detalle
la extension de la enfermedad y se correlaciona bien con la clinica y la funcién pulmonar
en los distintos trabajos publicados. El principal defecto es la complejidad, lo que dificulta
su implementacion en la préactica habitual de rutina, ocupando un papel mas relevante en

los estudios de investigacion.

1.7.4. Aspectos microbiologicos

La infeccion bronquial crénica en los pacientes con BQ se debe a un
sobrecrecimiento persistente de microorganismos en las vias respiratorias. La dilatacion
de las vias aereas, junto con la destruccion progresiva de la pared bronquial y el acimulo
de secreciones, generan un nicho ecologico ideal para la colonizacidn patogena por los
denominados microorganismos potencialmente patégenos (MPP). Estos MPP crecen en
la superficie de la mucosa respiratoria sin invadir el tejido pulmonar. Por eso se habla de
colonizacidn patogena en lugar de infeccidn, ya que el efecto nocivo es debido al aumento
de la carga bacteriana y a la inflamacién local que condiciona. En la infeccion bronquial
de las BQ pueden diferenciarse varias fases: infeccion bronquial inicial, intermitente y
cronica. Cada una tiene un manejo clinico y terapéutico especifico. Otro aspecto
importante a tener en consideracion es el de erradicacion para un determinado MPP (tabla
6). La erradicacion es uno de los principales objetivos en los protocolos de tratamiento
fijados para la infeccidn bronquial de los pacientes con BQ, sobre todo cuando el MPP es

Pseudomonas aeruginosa.

29



INTRODUCCION

Los MPP mas frecuentemente aislados en los pacientes con BQ son Haemophilus
influenzae, seguido de Pseudomonas aeruginosa, Streptococcus pneumoniae y Moraxella

catharralis. Staphylococcus aureus, es mas frecuente en FQ y su aislamiento repetido en

pacientes con BQ debe hacer pensar en la posibilidad de una FQ no diagnosticada.

Tabla 6. Estadios de la infeccién bronquial en las bronquiectasias?.

Estadio

Criterios
microbiologicos

Comentarios

Infeccion inicial

Primer cultivo positivo
por un MPP no aislado en
cultivos periodicos
previos

No suelen aparecer
manifestaciones clinicas,
aunque puede existir
respuesta inflamatoria

Infeccion intermitente

Cultivos positivos y
negativos para un mismo
MPP en muestras
consecutivas separadas
con al menos un mes de
diferencia tras la
infeccion inicial

En general indica
infeccion cronica con
bajos valores
cuantitativos, no siempre
detectables en el cultivo

Infeccion cronica

Tres o mas cultivos
consecutivos positivos
para un mismo MPP en
un periodo de al menos 6
meses en muestras
separadas entre si por al
menos un mes

Induce respuesta
inflamatoria que suele
manifestarse con
expectoracion purulenta
persistente

Erradicacion

Ausencia de cultivos
positivos del MPP en al
menos 3 esputos
separados entre ellos
como minimo 1 mesy
durante un periodo de 6
meses
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Tambien se pueden encontrar enterobacterias, otros bacilos gram-negativos no
fermentadores, Nocardia spp, micobacterias no tuberculosas, etc. De todos ellos, el que

se asocia a peor pronostico es Pseudomonas aeruginosa*' #4748,

Se recomienda solicitar cultivos para bacterias, micobacterias y hongos en fase
estable y previo a la toma de antibidticos, durante las exacerbaciones. Los cultivos deben
realizarse preferiblemente con esputos en los que se hayan excluido posibles
contaminantes del tracto respiratorio superior, es decir, aquellos en los que en la
valoracion microscépica se observen mas de 25 leucocitos y menos de diez células
epiteliales por campo. Hay que evitar mantener las muestras respiratorias mas de 24 horas
a temperatura ambiente. Los cultivos deben incluir medios generales y selectivos
diferenciales. De esta forma se aumenta la rentabilidad y se favorece la diferenciacion de
los distintos MPP*°. Para la blsqueda de micobacterias no tuberculosas se requieren
cultivos en medios especiales. Deben solicitarse siempre ante lesiones fibronodulares que
no respondan al tratamiento y condicionen un deterioro clinico del paciente, con caracter
anual en los pacientes estables y previo a iniciar un tratamiento prolongado con

macrolidos.

1.7.5. Pruebas de funcion pulmonar

El estudio de la funcién pulmonar constituye un aspecto fundamental dentro de la
valoracion de los pacientes con enfermedades respiratorias. Es una pieza clave para
realizar el diagnostico diferencial con otras patologias muy frecuentes, como el asma o la
EPOC. Ademas, dichas patologias pueden coexistir con las BQ en numerosas ocasiones.

Inicialmente las pruebas de funcion pulmonar suelen ser normales. A medida que
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progresa la enfermedad empieza a observarse una alteracion ventilatoria obstructiva y, en

las fases mas avanzadas, no es infrecuente encontrar una alteracion ventilatoria mixta®.

Se recomienda realizar una espirometria anual en los pacientes con BQ en fase
estable ya que se ha descrito una caida del volumen espiratorio forzado en el primer
segundo (FEV1) de unos 50 ml por afio, que puede aumentar significativamente en
aquellos con colonizacién por Pseudomonas aeruginosa, con mayores niveles de PCR y

VSG en sangre 0 con mas excerbaciones graves*..

Tabla 7. Escala modificada del MRC.

GRADO ACTIVIDAD

0 Ausencia de disnea excepto al realizar ejercicio intenso

. Disnea al andar deprisa en llano o al andar subiendo una pendiente
poco pronunciada

) Incapacidad para mantener el paso de otras personas de la misma
edad caminando en llano o tener que parar

3 Disnea al subir un piso o caminar 100 metros en llano

‘ Disnea de reposo o al realizar actividades como vestirse o

desvestirse

También es importante conocer la capacidad del paciente para efectuar
determinados grados de actividad fisica. La prueba de esfuerzo que suele utilizarse en la
practica habitual es el test de marcha de los seis minutos, quedando la prueba de esfuerzo
mediante cicloergdbmetro reservada para casos muy especiales, en los que se quiera
estudiar con mas profundidad el origen de la disnea. A su vez, para cuantificar el grado
de disnea referido por un paciente disponemos de diferentes escalas validadas para su

empleo en las enfermedades respiratorias cronicas. La mas utilizada es la Escala del
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Consejo de Investigacion Médica Britanico o escala MRC®. Con el mismo significado,
pero modificando la escala de 0 hasta 4, se utiliza con mayor frecuencia en la actualidad

(tabla 7).

1.7.6. Diagnostico diferencial de las bronquiectasias

Se deben diferenciar las BQ de todas las enfermedades respiratorias que puedan
ocasionar una sintomatologia parecida, sobre todo aquellas que puedan producir
expectoracion cronica e infecciones de repeticion, como la EPOC o el asma (tabla 8).

Ademaés, es importante tener en cuenta que ambos procesos pueden coexistir.

Tabla 8. Diferencias entre EPOC, asma y bronquiectasias.

Caracteristicas Bronquiectasias Asma EPOC
Factor etiologico _ _
Infecciones Desconocido Tabaco
principal
S. pneumoniae
Microorganismos H. influenzae
Infrecuentes M. catharralis
mas frecuentes P. aeruginosa
H. influenzae
Expectoracion Diaria Infrecuente Diaria
Alteracion
ventilatoria Frecuente Reversible Siempre
obstructiva
Hiperreactividad _
Frecuente Muy frecuente Posible
bronquial
Tratamiento o Corticoides Broncodilatadores
Antibidticos _ _
principal inhalados inhalados

Fuente: Modificado de Aspectos clinico-funcionales de las b1‘0nquiectasias3-3.

EPOC: enfermedad pulmonar obstructiva cronica
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Tabla 9. Diagnostico diferencial de las bronquiectasias.

Diagnostico diferencial clinico

Diagnéstico diferencial radioldgico

EPOC

Falsos positivos:

Asma
Fibrosis quistica
Bronquiolitis obliterante -

Infecciones pulmonares de lenta

Pseudobronquiectasias

Doble imagen por latido cardiaco
Vasoconstriccion hiposica
Dilatacion bronquial dindmica

Cortes radiologicos oblicuos

resolucion

Enfermedades quisticas:

Histiocitosis X
Linfangioleiomiomatosis
Esclerosis tuberosa

Neumonia intersticial linfocitica

Destruccion del parénquima pulmonar:

Enfermedad intersticial avanzada
Enfisema pulmonar centroacinar

Bullas multiples

Lesiones cavitadas:

Infecciones:
o Abscesos pulmonares multiples
o Neumonia por Preumocystis jiroveci o
por Staphylococus auretis
o Micobacterias, coccidioidomicosis
Lesiones malignas:
Carcinoma bronquioloalveolar
Metastasis cavitadas
Otras:
o Amiloidosis
o Alveolitis alérgica extrinseca
o Embolos sépticos

o Granulomatosis con poliangeitis

Fuente: Modificada de Normativa sobre la valoracién y el diagnéstico de las bronquiectasias en el adulto?

EPOC: enfermedad pulmonar obstructiva cronica
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También hay que incluir, dentro del diagnostico diferencial, las enfermedades que
produzcan alteraciones radiologicas similares, sobre todo lesiones quisticas o cavitadas,
lesiones destructivas del parénquima pulmonar (tabla 9) y los falsos positivos de BQ, es
decir, imagenes que cumplen algun criterio de BQ sin serlo. Asi, la transmision del latido
cardiaco y los movimientos respiratorios pueden crear arterfactos en la lingula y en el
I6bulo medio que simulen BQ. De igual forma, en el nifio pueden aparecer BQ tras una
neumonia que, en algunos casos, desaparezcan posteriormente; por eso se recomiendan

repetir la prueba trascurridos seis meses.

1.8. Comorbilidades en bronquiectasias

Las BQ pueden coexistir en el mismo paciente con otras patologias también muy
frecuentes de la via aérea, como el asma o la EPOC, aunque tengan caracteristicas
fisiopatoldgicas diferentes. Esta asociacion puede ser casual o debida a otros factores
cuyo estudio suscita gran interés en la era de la medicina personalizada en que nos
encontramos actualmente. Algo similar ocurre con las neumonias, que pueden
desarrollarse a lo largo de la historia evolutiva de los pacientes con BQ y a su vez, ser el

origen de las mismas.

1.8.1. Bronquiectasias y EPOC

La EPOC y las bronquiectasias son dos de las enfermedades mas frecuentes de la
via aérea>>>3, La prevalencia de la EPOC en la poblacion general es de alrededor del 10%,
existiendo un elevado indice de infradiagndstico®. Esta enfermedad tiene una elevada
morbimortalidad y supone un problema de salud ptblica de primer orden®. Con respecto

a las BQ, aunque su prevalencia no se conoce aln con exactitud, parece que esta
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aumentando y constituye también un importante problema de salud, mayor del esperado

hace afos.

Los pacientes con EPOC y BQ constituyen un subgrupo especifico dentro del
amplio espectro de la EPOC. Tienen caracteristicas clinicas especiales, como mayor
produccién de esputo, mayor grado de disnea y mayor niumero de agudizaciones. De
hecho, la guia espafiola de la EPOC (Ges-EPOC) propone la realizacion de una TC en los
pacientes con EPOC con fenotipo agudizador con bronquitis crénica, para descartar la
existencia de BQ, ya que su presencia tiene implicaciones terapéuticas especificas. A su
vez, los pacientes con ambas enfermedades tienen peor pronéstico. De hecho, en algunos
estudios se ha descrito que la presencia de bronquiectasias se relaciona con una mayor
mortalidad en los pacientes con EPOC, de forma independiente al grado de afectacion de

la funcion pulmonar, al indice BODE y al nimero de exacerbaciones®.

Entre el 5y el 10% de los pacientes con BQ presentan también EPOC30:3334 por
otra parte, la prevalencia de BQ en pacientes con EPOC moderada o grave oscila entre el
4y el 72% segun las series. En cualquier caso, la prevalencia de BQ en la EPOC es
superior a la de la poblacion general, y aumenta a medida que lo hace la gravedad de la
misma. Todos estos datos apoyan la idea de que existe una relacion entre ambas
enfermedades que va mas all& del azar, siendo recomendable realizar més estudios para

profundizar en las caracteristicas de dicha asociacion®®.

1.8.2. Bronquiectasias y asma

En cuanto a la presencia de BQ en la poblacion asmatica, la evidencia cientifica
disponible hasta la fecha es menor que con la EPOC. Al igual que en éstos, se desconoce

el mecanismo fisiopatoldgico por el que se producen y no se ha demostrado una relacion
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de causalidad?. Al investigar las diferentes etiologias de las BQ, el asma bronquial supone

un porcentaje de casos que oscila entre el 1,4 al 5,4%, segun las series®333,

La prevalencia de las BQ en el asma bronquial no esté claramente establecida, con
porcentajes que varian de forma muy significativa, desde el 2 al 80%, segun los trabajos
analizados®"®°. La mayor parte de ellos son retrospectivos®®? y tienen metodologias muy
diferentes, que pueden dar lugar a la introduccion de sesgos, como la falta de una TC en
todos los pacientes en algunos casos. En un estudio reciente de Padilla-Gallo et al®, se
analizé de forma prospectiva la asociacion de BQ y asma moderada o severa con mal
control. A todos los pacientes se les realizé una TCAR, encontrando BQ en un 28.4% de
los casos. En este mismo estudio, la presencia de BQ se relaciond con una mayor gravedad
del asma, expectoracion crénica, un episodio previo de neumoniay niveles bajos de 6xido
nitrico exhalado (FENO). Estos datos irian a favor de la existencia de un subgrupo

especifico de pacientes con caracteristicas propias.

1.8.3. Bronquiectasias y neumonias

En la mayoria de las series analizadas, las infecciones respiratorias contintan
siendo la principal causa de BQ°*33 Por otro lado, la presencia de BQ favorece el
desarrollo de infecciones respiratorias, incluyendo las neumonias y supone un elevado
coste sanitario®. A pesar de todo lo expuesto, existen muy pocos trabajos publicados que
evallen la prevalencia y las caracteristicas de la neumonia adquirida en la comunidad en
los pacientes con BQ%-%¢ y menos auin en el caso de la neumonia adquirida en el hospital
no asociada al ventilador®’. Ademas, cuando el diagndstico de BQ se retrasa, es frecuente
observar numerosos episodios previos de infeccidn respiratoria 0 neumonias, con el

consiguiente deterioro de la funcion pulmonar y de la calidad de vida de los pacientes.
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Por otro lado, la existencia de bronguiectasias aumenta el riesgo de infeccion por
Pseudomonas aeruginosa y otros patogenos resistentes al tratamiento empirico inicial de
las neumonias. De esta forma, las BQ constituyen un factor de riesgo para la aparicion de
resistencias al tratamiento antibidtico de las neumonias®®"°. Estudiar las caracteristicas
de las hospitalizaciones para este subgrupo de pacientes puede contribur a mejorar el

conocimiento y el manejo de esta enfermedad.

1.9. Tratamiento de las bronquiectasias

Para el tratamiento de las bronquiectasias se propone un abordaje
multidimensional y multidisciplinar'*. Los objetivos fundamentales son disminuir los
sintomas, mejorar la calidad de vida, disminuir el nimero y la gravedad de las

exacerbaciones y enlentecer el deterioro de la funcién pulmonar.

Figura 4. Tratamiento multidimensional de las bronquiectasias.
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1.9.1. Tratamiento de la etiologia

Se debe tratar la causa de las BQ siempre que se haya identificado la mismay se
disponga de tratamiento especifico. En muchos casos, la instauracion de este tratamiento
es fundamental para frenar la evolucion de la enfermedad. Esto es especialmente
importante en casos de: déficit de produccidn de anticuerpos, FQ, DCP, déficit de alfa-1-
antitripsina, ABPA, RGE, obstruccion bronquial, infeccion por micobacterias y
enfermedades sistémicas como la enfermedad inflamatoria intestinal o las enfermedades

autoinmunes (tabla 10).

Tabla 10. Etiologias de bronquiectasias con tratamiento especifico.

Etiologia Tratamiento

Déficit de produccion de anticuerpos | Inmunoglobulinas

ABPA Corticoides y antifiingicos

Déficit de alfa-1-antitripsina No fumar. Tratamiento sustitutivo

RGE Inhibidores de secrecion de acido gastrico
Infeccion por MNT Tratamiento segtin cada caso

Enfermedades asociadas (EPOC,
Tratamiento de la enfermedad de base

asma, etc.)

Obstruccion bronquial Valorar cirugia o dilatacion bronquial
Panbronquiolitis difusa Macrolidos

DCP Técnicas de aclaramiento mucociliar
FQ Moduladores del CFTR. DNasa

Fuente: Modificada de Normativa sobre el tratamiento de las bronquiectasias en el adulto'
ABPA: aspergilosis broncopulmonar alérgica. CFTR: cystic fibrosis transmembrane conductante regulator, DCP:

discinesia ciliar primaria, EPOC: enfermedad pulmonar obstructiva crénica, FQ: fibrosis quistica, MNT:
micobacterias no tuberculosis, RGE: reflujo gastroesofagico.
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1.9.2. Tratamiento de la infeccion bronquial

La infeccion bronquial es el principal desencadenante de la aparicion y progresion
de las BQ, por lo que no es de extrafar que la pieza central del manejo de estos pacientes
esté dirigida al control de la misma, mediante la reduccion de la carga bacteriana y de la
inflamacion local. Los antibidticos deben emplearse en las exacerbaciones infecciosas y
también para tratar la infeccidn bronquial crénica, mediante la supresion o la eliminacién
de la flora bacteriana existente, lo que favorecera la reduccion de las exacerbaciones

agudas’*.

1.9.2.1.Tratamiento de la infeccién bronquial inicial

Se ha demostrado que la infeccion bronquial cronica por Pseudomonas
aeruginosa empeora el pronostico de los pacientes con BQ**"* por lo que se
recomienda intentar su erradicacion’>”. Se han propuesto diferentes pautas para lograr
la erradicaciéon, no habiéndose comprobado hasta la fecha que ninguno de estos
protocolos sea superior a los demas. EI recomendado por las normativas espafiolas es la
administracion de ciprofloxacino a dosis altas durante tres semanas, pudiendo afiadirse
un antibiotico inhalado durante tres meses en algunos subgrupos de pacientes con mayor
gravedad o en inmunodeprimidost4(tabla 12). Los antibidticos disponibles actualmente
en Espafia para su administracion mediante nebulizacién son: aztreonam lisina,
colistimetato de sodio y tobramicina. Para el resto de MPP la decision ha de
individulizarse, en funcion de la repercusion clinica que esté teniendo la infeccién, ya que
no existe evidencia cientifica sufiente para recomendar su erradicacion de forma

sistematical®.
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Tabla 12. Tratamiento de la infeccion bronquial inicial.

Tratamiento de la infeccion bronquial inicial

Primer cultivo positivo por P. aeruginosa (primoinfeccion)
Ciprofloxacino 750 mg/12 h vo durante 3 semanas
—BQ graves (E-FACED 6-9 puntos) e inmunodeprimidos: afiadir un

antibiotico inhalado (colistimetato, tobramicina o aztreonam) desde el inicio
durante 3 meses

Primer cultivo positivo por SARM (primoinfeccion)

Acido fusidico 500 mg/12 h vo, cotrimoxazol 160/800 mg/12 h vo, rifampicina
600 mg/24 h vo, clindamicina 300 mg/6 h vo, linezolid 600 mg/12 h vo,
tedizolid 200 mg/24 h vo o vancomicina (formulacion 1v administrada por via
inhalada, tratamiento continuo, 250 mg, 2 veces/dia)

Primer cultivo positivo por cualquier MPP (primoinfeccion)
Antibioticos vo seglin antibiograma

Fuente: Modificada de Normativa sobre el tratamiento de las bronquiectasias en el adulto'*

SARM: Staphylococcus aeureus resistente a meticilina; vo: via oral; mg: miligramos; iv: intravenoso; h:

horas

1.9.2.2. Tratamiento de la infeccion bronquial crénica

Los dos pilares fundamentales en los pacientes con infeccion bronquial cronica

son el empleo de antibidticos de forma prolongada y favorecer al maximo el correcto

drenaje de las secreciones respiratorias. De esta forma puede disminuirse la carga
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bacteriana y romper, en la medida de lo posible, el circulo vicioso patogénico de
infeccion-inflamacion, lo que se traducira en la clinica en la disminucion del volumen y

la purulencia del esputo y en un menor nimero de exacerbaciones infecciosas.

Los antibioticos inhalados han demostrado una elevada efectividad, logrando a su
vez altas concentraciones del farmaco en las vias respiratorias, con menos efectos
secundarios sistémicos y menor indice de resistencias, por lo que, siempre que sea
posible, se prefiere la antibioterapia inhalada frente a la sistémica’®. El tratamiento
antibiotico de forma prolongada esta indicado en todos los casos de infeccion crénica
por Pseudomonas aeruginosa. Para el resto de microorganismos deben cumplirse ademas
alguna de estas condiciones: dos agudizaciones o un ingreso hospitalario por agudizacion
en el afio anterior o bien un deterioro marcado en la funcion pulmonar o en la calidad de
vida'*. En el caso de la infeccion cronica existen de diferentes opciones de tratamiento,
no resultando ningun protocolo superior a los otros (tabla 13). La duracion es indefinida,
mientras los beneficios del mismo superen a los riesgos. De hecho, muchos pacientes
utilizan la antibioterapia inhalada cronica durante afios, ya que presentan empeoramiento

clinico al suspenderlo.

Los antibidticos empleados para el tratamiento de la infeccién bronquial crénica
por Pseudomonas aeruginosa por via inhalada son: aztreonam lisina, ciprofloxacino (aun
no comercializado en Espafa), colistimetato de sodio, gentamicina y tobramicina. De
estos, los que disponen de una presentacion especifica para inhalacion son: ciprofloxacino
(polvo para inhalacion), colistimetato de sodio (disponible para nebulizacién y en polvo
seco), tobramicina (solucién para nebulizador y en polvo para inhalacion) y aztreonam

lisina.
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Tabla 13. Tratamiento de la infeccion bronquial crénica.

Tratamiento de la infeccion bronquial crénica

Infeccion cronica por P. aeruginosa

Por orden alfabético:

Aztreonam lisina (solucion para inhalacion)

Ciprofloxacino (polvo seco o solucidn para

inhalacion)

v" Colistimetato (polvo seco o solucién para
inhalacion)

v Gentamicina (formulacién iv administrada por
via inhalada)

v Tobramicina (polvo seco o solucién para
inhalacion)

ANAN

Infeccion cromnica por SARM
v Vancomicina (formulacién iv administrada por
via inhalada)
Infeccion cromica por Stenotrophomonas maltophilia
v" Colistimetato, solucién para inhalacién

Infeccion cronica por otros MPP
v Gentamicina (formulacién iv administrada por
via inhalada)
v" Cualquiera de los antibidticos especificos para
inhalacion

Fuente: Modificada de Normativa sobre el tratamiento de las bronquiectasias en el adulto™

SARM: Staphylococcus aeureus resistente a meticilina; iv: intravenoso; MPP: microorganismos
potencialmente patogenos

Si se tiene en cuenta que, a través de la via inhalada se alcanzan altas
concentraciones de antibiotico en el lugar de la infeccion, la eleccion del mismo deberia
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basarse en el microorganismo patdgeno y no en las sensibilidades reflejadas en el
antibiograma. Otro aspecto importante a tener en cuenta a la hora de instaurar un
tratamiento antibiotico inhalado es el riesgo de broncoespasmo, por lo que se recomienda
administrar la primera dosis de forma supervisada, para vigilar la aparicion de
broncoespasmo, disnea o tos. En algunos pacientes puede ser util el empleo de un
broncodilatador previo a la administracion del farmaco. El orden de administracion de
farmacos adecuado para lograr la maxima eficacia con el menor numero de efectos
adversos es: broncodilatadores, solucion salina hiperténica (en el caso de emplearla),

fisioterapia respiratoria para drenaje de secreciones y, por tltimo, antibidtico inhalado®®.

1.9.3. Tratamiento de la inflamacion bronquial

Los macrélidos se emplean con frecuenca en los pacientes con BQ, ya que, ademas
de su accion como antibidtico, tienen propiedades inmunomoduladoras y son capaces de
interferir en la formacion de biopeliculas. Se recomiendan se recomienda su
administracion en pacientes con BQ en fase estable, pero con dos o mas agudizaciones al
afio**. Aunque se han estudiado diferentes macrélidos, el farmaco con el que hay mayor
experiencia es la azitromicina, que generalmente se emplea en pautas de tres dias a la
semana durante tres a seis meses’>’’. Antes de inciar un tratamiento prolongado con
macrolidos debe excluirse una infeccion por micobacterias mediante andlisis de las
secreciones respiratorias. En caso de aislamiento de micobacterias atipicas se recomienda
no emplear macrélidos en monoterapia para evitar el desarrollo de resistencias. A su vez,
antes del inicio del tratamiento, debe realizarse un electrocardiograma, ya que estos
farmacos pueden favorecer el alargamiento del segmento QT. También es aconsejable

monitorizar la funcion hepatica®.
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Los corticoides inhalados no estan indicados de forma rutinaria en las BQ,
quedando reservados fundamentalmente para pacientes con hiperreactividad bronquial o
asma. También pueden ser Utiles en aquellos con mayor cantidad de esputo, aunque no se
recomienda su empleo de forma rutinaria®**. No se dispone de evidencia cientifica

suficiente para el empleo de otros farmacos antiinflamatorios.

1.9.4. Tratamiento de la obstruccién bronquial

Cuando existe alteracion ventilatoria obstructiva con repercusion clinica, se
recomienda el empleo de agostas betaadrenérgicos de accidn prolongada. También esta
justificado su empleo para intentar lograr una reduccion en la dosis de corticoides
inhalados™. EI uso de anticolinérgicos fuera de los casos de EPOC o asma es escaso,
pudiendo plantearse en aquellas situaciones en las que hayan fracasado el resto de los

tratamientos®®.

1.9.5. Tratamiento nutricional

Los pacientes con BQ pueden tener desnutricion, sobre todo aquellos con
enfermedades mas evolucionadas. Se debe monitorizar de forma rutinaria el indice de
masa corporal (IMC) y la pérdida de peso a lo largo del tiempo en todos los casos, sobre
todo en aquellos con las formas maés graves. EI IMC es un marcador de supervivencia y
la desnutricion de masa magra se asocia con complicaciones y con una mayor

mortalidad®®.
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1.9.6. Rehabilitacién respiratoria

El objetivo de los programas de rehabilitacion respiratoria en estos pacientes sera
facilitar el drenaje de las secreciones y, a su vez, mejorar la tolerancia al esfuerzo y la
calidad de vida’. Las técnicas para el drenaje de secreciones suelen realizarse cuando
existe broncorrea de mas de 30 cc al dia, después del tratamiento broncodilatador y antes
del antibidtico inhalado. Se recomienda implementar el uso de las técnicas
autoadministradas, con el fin de facilitar el cumplimiento a medio y largo plazo. El
drenaje de las secreciones no debe llevarse a cabo en situaciones de inestabilidad,
hemoptisis, broncoespasmo, hipertension intracraneal, neumotorax y cirugia ocular

reciente.

Se recomienda la realizacién de ejercicio fisico en aquellos pacientes con disnea
mayor de uno en la escala mMMRC cuando se encuentran en fase estable®°. El ejercicio
aerdbico mejora la tolerancia al esfuerzo y la calidad de vida. Es recomendable practicar
ejercicio media hora al dia, al menos tres o cuatro veces a la semana, junto con las técnicas

de fisioterapia respiratoria®".

1.9.7. Mucoliticos y sustancias hipertdnicas

Se han estudiado diferentes agentes mucoliticos, como la bromhexina, la
erdosteina o la acetilcisteina, con resultados satisfactorios. No obstante, no existe
evidencia cientifica suficiente en la actualidad para recomendar el empleo de agentes
mucoliticos de forma rutinaria®2. En cuanto a las sustancias hipertonicas, se recomienda
su uso cuando el volumen del esputo diario es mayor de 10 ml o cuando los pacientes
presentan al menos dos agudizaciones al afio a pesar de un tratamiento Optimo®. La

inhalacion de suero salino hiperténico al 6-7% facilita el drenaje de las secreciones,
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disminuye la viscosidad de las mismas, mejora la funcion pulmonar y la calidad de vida
y reduce las exacerbaciones!*. Dado el riesgo de broncoespamo, es aconsejablo iniciar
este tratamiento bajo supervision y realizar una espirometria antes y después del mismo
para verificar que no existe una caida significativa del FEV1. ElI manitol inhalado también
mejora calidad de vida y disminuye exacerbaciones, pero no estd comercializado en

Esparia.

1.9.8. Tratamiento de las complicaciones

El tratamiento de las complicaciones (insuficiencia respiratoria, hemoptisis,
neumotdrax, etc.) debe basarse en las normativas vigentes para cada una de ellas. En el
caso de la insuficiencia respiratoria, se recomiendan iniciar oxigenoterapia domiciliaria
siguiendo los criterios establecidos para el resto de las enfermedades cronicas de las via
aerea. En los pacientes que presenten hemoptisis se deben evitar los farmacos inhalados

y la fisioterapia respiratoria.

1.9.9. Tratamiento quirurgico

La cirugia queda reservada a casos de BQ localizadas que no se controlen a pesar
de tratamiento médico adecuado o en situaciones de hemoptisis graves en las que la
embolizacién haya resultado inefectiva. El transplante pulmonar bilateral se debe
considerar en fases avanzadas, cuando se estima que la esperanza de vida del paciente es
inferior a dos afos. Las indicaciones de transplante son similares a las de la FQ o las de

la enfermedad de base, si las tiene (table 14).
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Tabla 14. Indicaciones de transplanta pulmonar en pacientes con BQ.

Indicaciones de trasnplante pulmonar

FEV1<30%

Descenso rapido de la funcion pulmonar

Insuficiencia respiratoria cronica

Hipercapnia

Hipertension pulmonar

Exacerbaciones frecuentes o graves que requieran ingreso en UCI

Hemoptisis de repeticion no controladas con embolizacion

Factores de riesgo: ventilacion invasiva, pleurodesis, colonizacion por

microorganismos multirresistentes, osteoporosis grave, malnutricion.

Fuente: Modificada de Normativa sobre el tratamiento de las bronquiectasias en el adulto'*

FEV;: volumen espiratorio forzado en el primer segundo; UCI: unidad de cuidados intensivos.

1.10. Prondstico

Las BQ constituyen una enfermedad crénica y progresiva. Con el tiempo suele
aumentar el numero de exacerbaciones y puede aparecer obstruccion cronica al fluo aéreo
e infeccidn bronquial crénica por Pseudomonas aeruginosa u otros MPP. A medida que
pasa el tiempo y la enfermedad progresa, surge la disnea, la insufiencia respiratoria e
incluso el cor pulmonale y la muerte. La presencia de inflamacion sistémica, las
exacerbaciones graves y la infeccion bronquial crénica por Pseudomonas aeruginosa se

han relacionado con una progresion mas rapida de la enfermedad®.
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Tabla 15. Escala multidimensional E-FACED.

Variable Valores Puntuacion
Exacerbaciones con hospitalizacion (afio No 0
anterior) Al menos 1 2
FEV1 (% predicho) Al menos el 50% 0
Menos del 50% 2
Edad (Age) Menos de 70 anos 0
Al menos 70 afios 2
Infeccion (Colonizacion bronquil crénica por No 0
P. aeruginosa) Si 1
Extension radiolégica (nimero de l6bulos) 1-2 1obulos 0
Mas de 2 lobulos 1
Disnea (escala MRC modificada) I-1I 0
[I-1vV 1
Clasificacion de gravedad E-FACED:
0-3 puntos: bronquiectasias leves
4-6 puntos: bronquiectasias moderadas
7-9 puntos: bronquiectasias graves

Fuente: Modificada de Normativa sobre el tratamiento de las bronquiectasias en el adulto’*

FEV1: volumen espiratorio forzado en el primer segundo

Para valorar el pronostico y la gravedad de las BQ de una forma méas completa, se
han desarrollado una serie de escalas multidimensionales que tienen en consideracion un
conjunto de variables, cuyo conjunto proporciona una informacion mas exacta que la que

aportarian cada una de ellas por separado. Las dos mas empleadas son la escala FACED*
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y el Bronchiectasis Severity Index (BS1)%, asi como una modificacion de la primera (E-
FACED)® que incluye ademas el nimero y gravedad de las agudizaciones en el afio
previo. Esta ultima escala es la que se recomienda utilizar por su sencillez (tabla 15)2.
Tanto la escala FACED como la E-FACED han demostrado una buena capacidad

prondstica de mortalidad.
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2. HIPOTESIS Y OBJETIVOS

2.1. Justificacion del estudio

El manejo de las BQ ha variado significativamente con el paso de los afos.
Inicialmente, con la aparicion de los antibi6ticos, el desarrollo de las vacunas y el mejor
control de la tuberculosis, se observé un descenso importante de las formas mas evidentes
y destructivas, propias del siglo pasado, hasta el punto de que llegd a considerarse una
enfermedad en extincién. No obstante, las técnicas de alta resolucion de la TC, la mayor
longevidad de la poblacion y la mayor cronicidad de las enfermedades, han contribuido
ampliamente a diagnosticar formas menos graves pero también mas numerosas®’, lo que
sitla a esta patologia como una de las afecciones mas frecuentes de la via aérea en el
momento actual. No obstante, la prevalencia real de las BQ es desconocida y
probablemente varia, no solo a lo largo del tiempo, sino también segln el area geogréafica
estudiada. Se estima que se sitia entre 42-566 casos por cada 100.000 habitantes?. Por
tanto, las BQ constituyen un importante problema de salud y, cada vez disponemos de

mas trabajos dedicados a valorar el impacto sociosanitario de las mismas*®-2.,

Las hospitalizaciones por BQ constituyen una excelente fuente de informacion
sobre las tendencias, el pronostico y la morbimortalidad de la enfermedad. Recoger datos
sobre los ingresos por BQ a nivel nacional es importante a la hora de evaluar la incidencia,
las caracteristicas de los pacientes y los resultados en diversas variables tales como la

estancia media, el coste, la morbilidad y la mortalidad.

Se ha observado una estrecha relacion de esta patologia con otras enfermedades
respiratorias como la EPOC, el asma y las neumonias. Esta relacion no siempre es debida
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al azar. Estudiar los factores implicados en esta asociacion constituye un punto de especial
interés en la era de la medicina personalizada en la que nos encontramos actualmente. El
conocimiento de los aspectos epidemioldgicos y de la relacion entre estas entidades

resultaria de gran utilidad para el manejo de los pacientes respiratorios crénicos.

2.2. Hipdtesis del estudio

Existe un aumento en la incidencia de las BQ asociadas a otros procesos
respiratorios tales como la EPOC, el asma y las neumonias. Ademas, cuando existe esta
asociacion, el pronéstico del paciente y su calidad de vida empeoran, y el consumo de

recursos sanitarios es mayor, asi como la frecuencia de ingresos hospitalarios.

2.3. Objetivos del estudio

2.3.1. Objetivo principal

Describir y analizar la evolucion temporal de la incidencia y las caracteristicas de
los ingresos hospitalarios por BQ en Esparia a lo largo de los afios, asi como su relacion
con otras patologias respiratorias de elevada prevalencia como la EPOC, el asma y las

neumonias.

2.3.2. Objetivos secundarios
- Describir y aalizar las diferencias en los ingresos hospitalarios por BQ en funcion de

la edad y el sexo.
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- Estudiar las diferencias a cuanto a la comorbilidad entre los diferentes subgrupos
analizados.

- Describir y analizar la evolucién en la realizacion de procedimientos diagnésticos en
las hospitalizaciones por BQ, como la TC o la fibrobroncoscopia.

- Describir y analizar las diferencias en cuanto a estancia media, costes y mortalidad
intrahospitalaria ajustadas por comorbilidad.

- Identificar los factores predictores de mortalidad intrahospitalaria en los pacientes
ingresados por BQ.

- Estimar las tendencias en cuanto al empleo de otros procesos terapéuticos mas
complejos durante la hospitalizacion, como la ventilacion mecénica, tanto invasiva

como no invasiva, en esta patologia.
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3.1. Proyecto 1. Bronquiectasias y tendencias en las hospitalizaciones a lo largo de

una década en Espafia

Articulo 1: Sanchez-Murioz G, Lopez de Andrés A, Jiménez-Garcia R, Carrasco-Garrido P,
Hernandez-Barrera V, Pedraza-Servano F, Puente-Maestu L y de Miguel-Diez J. Time
Trends in Hospital Admissions for Bronchiectasis: Analysis of the Spanish National
Hospital Discharge Data (2004 to 2013). PLoS One. 2016 Sep 13;11(9):e0162282. doi:

10.1371/journal pone.0162282.

55



56



@° PLOS | ONE

CrossMark

click for updates

G OPENACCESS

Citation: Sanchez-Mufioz G, Lopez de Andrés A,
Jiménez-Garcia R, Carrasco-Garrido P, Hernandez-
Barrera V, Pedraza-Serrano F, et al. (2016) Time
Trends in Hospital Admissions for Bronchiectasis:
Analysis of the Spanish National Hospital Discharge
Data (2004 to 2013). PLoS ONE 11(9): e0162282.
doi:10.1371/journal.pone.0162282

Editor: Grant Waterer, University of Western
Australia, AUSTRALIA

Received: March 10, 2016
Accepted: August 20, 2016
Published: September 13, 2016

Copyright: © 2016 Sanchez-Mufioz et al. This is an
open access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: According to the
contract signed with the Spanish Ministry of Health
and Social Services that provided us the databases
of the Spanish National Hospital Database, (Conjunto
Minimo Basico de Datos; CMBD) we cannot provide
the databases to any other investigator and we have
to destroy the databases once the investigation has
been concluded. As a consequence of the previous
we cannot upload the databases in any public
repository. However, any investigator can apply for
the databases filling the questionnaire available at:

Time Trends in Hospital Admissions for
Bronchiectasis: Analysis of the Spanish
National Hospital Discharge Data (2004 to
2013)

Gema Sanchez-Mufioz', Ana Lépez de Andrés?, Rodrigo Jiménez-Garcia?, Pilar Carrasco-
Garrido?, Valentin Hernandez-Barrera?, Fernando Pedraza-Serrano', Luis Puente-
Maestu’, Javier de Miguel-Diez' *

1 Respiratory Department, Hospital General Universitario Gregorio Marafion, Facultad de Medicina,
Universidad Complutense de Madrid (UCM), Instituto de Investigacion Sanitaria Gregorio Marafon (liSGM),
Madrid, Spain, 2 Preventive Medicine and Public Health Teaching and Research Unit, Department of Health
Sciences, Universidad Rey Juan Carlos, Alcorcén, Madrid, Spain

* javier.miguel @ salud.madrid.org

Abstract

Objective

To analyze changes in the incidence, diagnostic procedures, comorbidity, length of hospital
stay (LOHS), costs and in-hospital mortality (IHM) for patients with bronchiectasis who were
hospitalized in Spain over a 10-year period.

Methods

We included all admissions for patients diagnosed with bronchiectasis as primary or sec-
ondary diagnosis during 2004—2013.

Results

282,207 patients were admitted to the study. After controlling for possible confounders, we
observed a significantincrease in the incidence of hospitalizations over the study period
when bronchiectasis was a secondary diagnosis. When bronchiectasis was the primary
diagnosis we observed a significant decline in the incidence. In all cases, this pathology
was more frequent in males, and the average age and comorbidity increased significantly
during the study period (p<0.001). When bronchiectasis was the primary diagnosis, the
most frequent secondary diagnosis was Pseudomonas aeruginosa infection. When bron-
chiectasis was the secondary diagnosis, the most frequent primary diagnosis was COPD.
IHM was low, tending to decrease from 2004 to 2013 (p<0.05). The average LOHS
decreased significantly during the study period in both cases (p<0.001). The mean cost per
patient decreased in patients with bronchiectasis as primary diagnosis, but it increased for
cases of bronchiectasis as secondary diagnosis (p<0.001).
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Conclusions

Our results reveal an increase in the incidence of hospital admissions for patients with bron-
chiectasis as a secondary diagnosis from 2004 to 2013, as opposed to cases of bronchiec-
tasis as the primary diagnosis. Although the average age and comorbidity significantly
increased over time, both IHM and average LOHS significantly decreased.

Introduction

Bronchiectasis is characterized by abnormal and irreversible bronchial dilation, with ciliary
epithelium dysfunction as a consequence of clinical pathology that includes respiratory infec-
tion, chronic inflammation and mucociliary system lesions [1]. Since it was first described in
1819 by Laennec, the approach and treatment of bronchiectasis have experienced significant
changes, which have led to a decrease in morbidity and mortality. Bronchiectasis even came to
be considered a disease on the verge of extinction. In fact, Barker described this pathology as
“the orphan disease” in a review published in the 80s, due to the scarce scientific and commer-
cial interest it then inspired [2]. However, less severe but more frequent forms are currently
being diagnosed. This could be explained principally by the high resolution images produced
by computerized tomography (CT) techniques, increased population longevity, and increased
chronicity of disease [3]. The true prevalence of bronchiectasis is not precisely known and, it
may vary significantly from one country to another. In the USA, a prevalence of 52.3 cases per
100,000 adults has been estimated, with greater incidence in women and the elderly [4]. How-
ever, in Finland, incidence is 2.7 per 100,000 inhabitants [5]. Among the infantile population
of New Zealand, the rate is 3.7 per 100,000 inhabitants, although wide variations are seen,
depending on ethnic origin [6].

Bronchiectasis constitutes an important health concern. According to data reported by the
UK Department of Health more than a decade ago, up to 78% of patients who visited the ER
required admission, with an average stay greater than 10 days, thus higher than had been esti-
mated for other disease processes such as COPD [7]. In recent years, more studies have been
published intended to quantify the socio-healthcare impact of bronchiectasis [8-11]. Particu-
larly notable among these is the study carried out by Seitz et al [8]. They describe a hospitaliza-
tion rate, adjusted for age, in the USA from 1993 to 2006, of approximately 16.5 per 100,000
inhabitants. The rate was higher for women and the elderly, and was observed to increase dur-
ing the study period.

Data collection on hospitalization admissions for bronchiectasis at the national level is
important in order to assess incidence, patient characteristics, and results in terms of several
variables such as mean hospital stay, cost, morbidity and mortality. There are no Spanish epi-
demiological studies available for this pathology, although national registries are currently
being created for several respiratory diseases, including bronchiectasis, which may throw light
on the situation in the future [12].

Comparing hospital admissions and outcomes for bronchiectasis between countries could
help each country better understand their own data and could also aid in making provisions
for future healthcare services. The National Hospital Discharge Database provides a large alter-
native information source to describe and analyze the trends and characteristics of hospitaliza-
tion for bronchiectasis at the national level.

The aim of this study was to conduct a nationwide analysis of discharge data, collected from
2004 to 2013 years. These data were used to elucidate changes in the incidence, diagnostic
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procedures, comorbidity profiles, length of hospital stay (LOHS), economic costs and in-hospi-
tal mortality (IHM) for patients with bronchiectasis who were hospitalized in Spain over a
10-year study period.

Methods

According to the Spanish Health System, at the time of discharge after each hospital stay physi-
cians must report all diagnoses and procedures performed, using the International Classifica-
tion for Disease, 9th revision codes (ICD-9-CM). This information is collected by the Spanish
National Hospital Database, the Conjunto Minimo Basico de Datos (CMBD), which compiles
all hospital data for the Spanish National Health System [13]. The CMBD database includes
patient variables (gender and date of birth), date of admission, date of discharge, discharge des-
tination (home, other healthcare/nursing facility, morgue), and includes details for up to 14
discharge diagnoses and up to 20 procedures performed during admission.

We selected all admissions for patients diagnosed with bronchiectasis as the primary or sec-
ondary diagnosis during 2004-2013 (ICD-9-CM 494). We made a separate analysis of bronchi-
ectasis as the primary diagnosis and as a secondary diagnosis. We calculated the annual
incidence ratio by dividing the number of cases per year by the corresponding number of peo-
ple in that population according to the National Institute of Statistics as reported on December
31st each year [14]. The incidence ratios were expressed per 100,000 inhabitants. The propor-
tion of patients who died during the hospital stay (in-hospital mortality), LOHS, and costs
were also estimated for each year studied. Costs were calculated using Diagnosis-Related
Groups (GRD, Grupos Relacionados con el Diagnéstico) for the disease. GRD represents a med-
ical economic entity for a set of diseases requiring analogous management resources [15]. All
costs shown were adjusted for inflation during the same period in Spain. Clinical characteristics
included information on overall comorbidity at the time of hospitalization, which was assessed
using the Charlson comorbidity index [16]. The index applies to 17 disease categories that are
totaled to obtain an overall score for each patient. We divided our patients into three categories:
1) low index, which corresponded to patients with no previously recorded disease categories in
the Charlson comorbidity index; 2) medium index, patients with one or two disease categories;
and 3) high index, patients with more than two disease categories. We specifically identified
the following procedures: (CT) computed tomography pulmonary angiography, bronchoscopy
(codes 33.21, 33.22, 33.23 and 33.24) and the use of mechanical ventilation treatment during
the hospital stay. The use of non-invasive ventilation (NIV) and invasive mechanical ventila-
tion (IMV) was determined based on procedure codes 93.90 and 96.04 respectively.

Statistical analysis

A descriptive statistical analysis was performed. Quantitative variables were expressed as
mean +£SD. Qualitative variables were expressed as frequencies and percentages. Compari-
sons were performed using the Chi-squared test, Fisher’s exact test, t-test or ANOVA, as
appropriate. Multivariate time trend analysis for study variables was conducted using Poisson
regression models for incidence, and logistic regression models for in-hospital mortality and
age, gender and other co-variable adjustments. Year was included in the model as a continu-
ous variable. So an IRR less or over 1 (with 95% CI not including 1) means that over the
study period (2004 to 2013) the incidence of bronchiectasis as primary or secondary diagno-
sis in Spain has decreased or increased respectively.

We then checked for interactions between the independent variables in the regression mod-
els. Estimates were made using STATA version 10.1 (StataCorp LP, College Station, TX, USA);
a two-tailed statistical significance level was set at 0.05.
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In our study we applied joinpoint log lineal regression to identify the years in which changes
in tendency occurred in hospital admission rates for bronchiectasis as primary or secondary
diagnosis, as well as to estimate the annual percentage of change (APC) in each of the periods
delimited by the points of change. The analysis started with the minimum number of join-
points and tested whether the inclusion of one or more joinpoints were statistically significant
[17]. In the final model, each joinpoint indicated a significant change in tendency, and the
APC was obtained in each of the segments delimited by the joinpoints by means of weighted
least squares. The Joinpoint Regression Program, version 4.0.4 was used for the analysis [18].

Data were treated with full confidentiality according to Spanish legislation. Patient identifi-
ers were removed before the database was provided to the authors in order to keep strict patient
confidentiality. It was not possible to identify individual patients in this study or in the data-
base. Given the anonymous and mandatory nature of the dataset, it was not necessary to obtain
informed consent. The Spanish Ministry of Health evaluated our research protocols research
and determined that the anonymous database we were provided with met all ethical require-
ments according to Spanish legislation. Because of all the study aspects given above, further
compliance with requirements for ethical approval was not necessary. According to the Span-
ish legislation

Results

In all, we identified 282,207 patients with bronchiectasis who were hospitalized in Spain from
2004 to 2013. Of these, 70,676 admissions corresponded to patients with bronchiectasis as the
primary diagnosis at discharge (39,680 men and 30,996 women), while for the other 211,531
cases, bronchiectasis was a secondary diagnosis (130,722 men and 80,809 women).

Tables 1 and 2 show the incidence, distribution per age and gender, and characteristics of
the patients admitted to the hospital with bronchiectasis as the primary and secondary diagno-
sis, respectively, for the period 2004-2013 in Spain.

Opverall, when we look at bronchiectasis as the principal diagnosis for hospital admission,
we observe a slight but significant (p<0.001) increase in incidence- 16.52 to 16.99 admissions
per 100,000 inhabitants. This increase was more evident when bronchiectasis corresponded to
a secondary diagnosis, increasing from 35.92 to 58.11 per 100,000 inhabitants, (p<0.001). In
all cases, this pathology was more common in men, though we observed a trend towards a
decrease in the proportion of men for the period studied beside if bronchiectasis was the pri-
mary or secondary diagnosis. Average patient age also rose significantly during the study
period (p<0.001). Upon analyzing the ratio of cases for each age category, we observed a trend
towards a decrease in all ages, except for those patients more than 80 years of age, for whom
the number of cases during the study period increased from 28.45% to 37.57% for the group
with bronchiectasis as the primary diagnosis, and 29.05% to 38.69% for the group with bron-
chiectasis as a secondary diagnosis (p<0.001).

The percentage of smokers always remained below 30%, regardless of the primary or second-
ary position of bronchiectasis although actual tobacco consumption increased from 2004 to
2013 (p<0.001) in both cases. Comorbidity, measured by the Charlson index, in patients admit-
ted to the hospital for bronchiectasis as primary diagnosis varied in a statistically significant
manner. In 2004, 59.26% of patients showed an index of 0; 30.19% showed an index of 1; and
10.55% had an index greater or equal to 2. In 2013, the proportion of patients with an index of
1 or higher, or equal to 2, had increased to 33.48% and 17.21%, respectively (p<0.001). A simi-
lar and also significant trend was observed when the same analysis was performed on cases of
hospital admission for bronchiectasis as a secondary diagnosis. The percentage of patients with
a Charlson index of 0 decreased (from 47.07% in 2004 to 36.24% in 2013), while the proportion
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of patients with an index of 1 increased (from 34.61% in 2004 to 36.73% in 2013), as did the
proportion of patients with an index of equal to or greater than 2 (from18.32% in 2004 to
27.04% in 2013). The number of Pseudomonas infections, measured using the ICD-9 482.1
code, increased significantly during the study period. The increase was from 13.9% to 19.46%
when bronchiectasis was the main reason for hospital admission (p = 0.008), and from 5.96% to
6.49%, when it was only a secondary diagnosis (p = 0.016). The percentage of cases for which
invasive mechanical ventilation was required dropped significantly during the study period,
regardless of the diagnosis position. On the other hand, the use of non-invasive mechanical ven-
tilation increased (p<0.001).

For our analysis, we evaluated the use of two diagnostic procedures during the hospital
admission process: thoracic CT scan and bronchoscopy. The percentage of cases for which a
thoracic CT was performed increased during the study period: from 16.22% in 2004 to 20.46%
in 2013, when bronchiectasis was the cause of admission (p<0.001), and from 16.73% in 2004
to 22.06% in 2013, in all other cases (p<0.001). However, the number of bronchoscopies
showed a statistically significant decrease in primary and secondary position (p = 0.013 and
p = 0.002 respectively).

In-hospital mortality was generally low (3.4% when bronchiectasis was the primary diagno-
sis, and 6.82% when it was included in a secondary diagnosis). Furthermore, the mortality rate
fell from 2004 to 2013, in both situations (p<0.001). The average hospital stay was 10.59 days
in 2004, dropping to 9.38 days in 2013 when bronchiectasis was a primary diagnosis
(p<0.001). A decrease was also observed in the average stay when bronchiectasis was a second-
ary diagnosis, falling from 11.19 days in 2004 to 9.51 days in 2013 (p<0.001). The mean cost
per patient decreased from 3,960.51 Euros in 2004 to 3,515.39 Euros in 2013 for the group with
bronchiectasis as the primary diagnosis, (p<0.001). However, for all other cases, the average
cost increased from 4,326.98 Euros to 4,558.55 Euros, (p<0.001)

Table 3 shows the most common secondary diagnoses, when bronchiectasis was the princi-
pal reason for admission.

The most frequent secondary diagnosis was Pseudomonas infection, accounting for 12.5% of
admissions. Although less common than Pseudomonas, infections by other microorganisms
were also observed, mainly methicillin-sensitive Staphylococcus aureus. Notable non-infectious

Table 3. Most common secondary diagnoses for patients discharged with a primary diagnosis of
bronchiectasis in Spain, 2004-2013.

Diagnosis n %

Bacterial infection in conditions classified elsewhere and of unspecified site. Pseudomonas 8837 | 12.5
Other diseases of respiratory system, not elsewhere classified 4551 | 6.4
Diabetes mellitus 3407 | 4.8
Essencial hypertension unspecified 2644 | 3.7
Acute respiratory failure 2556 | 3.6
Late effects of tuberculosis 2528 | 3.6
Acute and chronic respiratory failure 2055 | 2.9
Bacterial infection in conditions classified elsewhere and of unspecified site. Bacterial 1574 2.2
infection, unspecified

Tobacco use disorder 1204 | 1.7
Bacterial infection in conditions classified elsewhere and of unspecified site. Methicillin 886 | 1.3
susceptible Staphylococcus aureus

Hemoptysis 824 | 1.2
Bacterial infection in conditions classified elsewhere and of unspecified site. Escherichia coli 815 | 1.2

doi:10.1371/journal.pone.0162282.t003
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Table 4. Most common primary diagnosis in patients discharged with a secondary diagnosis of bron-
chiectasis in Spain, 2004—2013.

Diagnosis n %
Obstructive chronic bronchitis with acute exacerbation 23825 11.3
Pneumonia, organism unspecified 18903 8.9
Acute and chronic respiratory failure 13363 6.3
Acute respiratory failure 11030 5.2
Heartfailure 7558 3.6
Other diseases of respiratory system, not elsewhere classified 7541 3.6
Other emphysema 5692 2.7
Obstructive chronic bronchitis with acute bronchitis 5401 2.6
Pneumococcal pneumonia [Streptococcus pneumoniae pneumonia] 4245 2.0
Hemoptysis 3788 1.8
Asthma with acute exacerbation 3319 1.6
Acute bronchitis and bronchiolitis 2768 1.3

doi:10.1371/journal.pone.0162282.1004

risk factors for cardiovascular disease included diabetes mellitus, hypertension, tuberculosis
sequelae, and respiratory disorders, both acute and chronic.

Table 4 summarizes the most common primary diagnoses when bronchiectasis was a sec-
ondary diagnosis. The most frequent primary diagnosis was COPD exacerbation, 11.3% of
cases. The next most frequent was pneumonia with unspecified etiological agents. Other dis-
eases observed were heart failure, pneumococcal pneumonia, asthma and other lung diseases
not included in the diagnoses previously considered.

Figs 1 and 2 show a joinpoint analysis of the evolution of hospital stays by gender with bron-
chiectasis as the principal diagnosis and as a secondary diagnosis respectively. As can be seen,
the incidence of hospitalization in patients with bronchiectasis as a primary diagnosis increased
with an annual percent change (APC) of approximately 0.4% for both sexes (no significant dif-
ference). In patients with bronchiectasis as a secondary diagnosis, the APC was higher for
women, (6.06%), than for men, (4.61%), and significant for both genders (p<0.05).

Table 5 shows the results of our multivariate analysis of time trends and factors associated
with incidence and in-hospital deaths among patients hospitalized with bronchiectasis as the
primary or secondary diagnosis in Spain, from 2004 to 2013. After controlling for possible con-
founders using Poisson regression models, there was a significant decline in incidence from
2004 to 2013 for bronchiectasis as the primary diagnosis. Nevertheless, when bronchiectasis
was a secondary diagnosis, we observed an increase in incidence. With regard to in-hospital
mortality, after adjusting the logistic regression model, there was a significant decrease in mor-
tality from 2004 to 2013 for bronchiectasis as both the primary and secondary diagnosis. The
risk of in-hospital mortality was higher for males, older patients who were non-smokers,
patients with Pseudomonas infection, and patients with a higher Charlson comorbidity index.

Discussion

Along the study period, we observed a trend towards a greater incidence of hospitalization, but
only when bronchiectasis was codified as a secondary diagnosis, as opposed to when bronchi-
ectasis was the primary diagnosis. Overall, incidence occurred at a rate of 46.48 hospitalizations
per 100,000 adults for bronchiectasis as a secondary diagnosis, and 15.53 hospitalizations per
100,000 inhabitants when bronchiectasis was the primary diagnosis. Studies performed in
other countries showed an increase in incidence over time [8,9,11,19]. However, hospital
admission rates were not uniform. Thus, while in the USA there were 16.5 hospital admissions

PLOS ONE | DOI:10.1371/journal.pone.0162282 September 13,2016 8/15
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Fig 1. Joinpoint analysis of annual hospitalizations for bronchiectasis in males in Spain, 2004-2013: bronchiectasis as a
primary diagnosis (1A), bronchiectasis as a secondary diagnosis (1B). Footnote. APC: annual percent change (based on rates
that were sex- and aged-ajusted using the Spanish National Statistics Institute Census projections) calculated using jointpoint

regression analysis. Accent: APC is significantly different from zero (two-side, p < 0.05).

doi:10.1371/journal.pone 0162282.9001
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Fig 2. Joinpoint analysis of annual hospitalizations for bronchiectasis in females in Spain, 2004—2013: bronchiectasis as a primary
diagnosis (2A), bronchiectasis as a secondary diagnosis (2B). Footnote. APC: annual percent change (based on rates that were
sex- and aged-ajusted using the Spanish National Statistics Institute Census projections) calculated using jointpointregression
analysis. Accent: APC is significantly different from zero (two-side, p < 0.05).

doi:10.1371/purnal.pone.0162282.9002
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Table 5. Multivariate analysis of trends in incidence and in-hospital mortality (IHM) of bronchiectasis as primary or secondary diagnosis in Spain,
2004-2013.

Incidence (IRR) IHM (OR)
Bronchiectasis (primary | Bronchiectasis (secondary | Bronchiectasis (primary | Bronchiectasis (secondary

diagnosis) diagnosis) diagnosis) diagnosis)
Gender Male 1 1 1 1
Female 0.58 (0.57—-0.59) 0.46 (0.45-0.47) 0.81(0.73-0.88) 0.80 (0.77-0.83)
Age groups 0-49 1 1 1 1
50-64 7.11 (6.87-7.36) 7.34 (7.19-7.49) 1.57 (1.12-2.19) 1.49 (1.33-1.68)
65-79 36.04 (34.98-37.12) 36.72 (36.09—37.36) 3.00 (2.23-4.04) 1.94 (1.74-2.15)
>80 71.48 (69.33-73.69) 76.57 (75.22-77.94) 4.98 (3.70-6.71) 3.35(3.01-3.72)
Pseudomonas No 1 1 1 1
aeruginosa infection Yes 0.22 (0.21-0.23) 0.08 (0.08-0.09) 1.44 (1.30-1.60) 1.37 (1.29-1.47)
Tobacco use No 1 1 1 1
Yes 0.36 (0.35-0.36) 0.38(0.37-0.39) 0.66 (0.59-0.74) 0.69 (0.66-0.72)
Charlson index 0 1 1 1 1
0.58 (0.57-0.59) 0.85 (0.84-0.86) 1.54 (1.40-1.69) 1.67 (1.60-1.74)
>2 0.26 (0.25-0.27) 0.54 (0.53-0.55) 2.01(1.81-2.25) 2.29 (2.19-2.39)

Year of hospitalizations

0.98 (0.97-0.99)

1.04 (1.03-1.05)

0.97 (0.95-0.98)

0.98 (0.97-0.99)

IRR: Incidence Rate Ratio calculated using multivariate Poisson regression with dependent variable”Year of hospitalizations” and adjusting for all co-
variables shown in the table.OR: Odds Ratios calculated using multivariate logistic regression using in hospital mortality as dependent variable” and
adjusting for all co-variables shown in the table.

doi:10.1371/journal.pone.0162282.t005

per 100,000 inhabitants [8], in Hong Kong there were 16.4 hospital admissions per 100,000
inhabitants [20]; in Germany, the annual rate of hospitalization when bronchiectasis was the
primary diagnosis decreased to 1.8 per 100,000 inhabitants although when bronchiectasis was
either the primary or secondary diagnosis, the rate increased to 9.4 per 100,000 inhabitatns
[11].

Regardless of whether or not bronchiectasis was the principal reason for hospital admission,
it was more frequently seen among men, in contrast to other data collected in previous studies,
in which frequency was greater among women [8,9,11]. However, we observed a downward
trend in the proportion of men throughout the study period. This may be due to higher preva-
lence of tobacco/COPD in males and the patients with COPD and bronchiectasis being more
likely to get sick enough to need admission, for COPD and other tobacco related non-pulmo-
nary diseases.

As in previously published studies, incidence increased significantly with age, most signifi-
cantly in individuals more than 80 years old. This observed increase in the number of hospital
admissions related to bronchiectasis may be due to an actual increase in prevalence. However,
it might also be explained by other factors, mainly the implementation of the high resolution
CT techniques [21], which have allowed for diagnosis of less severe, more silent forms of the
disease. Before these diagnostic techniques were available, such cases would have gone not
diagnosed, or perhaps wrongly diagnosed as chronic obstructive pulmonary disease (COPD),
or as asthma.

Our study found that the most frequent secondary diagnosis, when bronchiectasis was the
principal reason for hospitalization, was Pseudomonas aeruginosa infection, as opposed to
findings published by other researchers such as Seitz et al [8], who found the most frequent sec-
ondary diagnosis to be hemoptysis, followed by Pseudomonas infection and COPD. It is
important to remark that in our investigation Pseudomonas infection appeared in 17.37% of
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patients and increased significantly from 2004 (13.64%) to 2013 (19.46%). As in Germany [11],
the primary diagnosis, when bronchiectasis was a secondary diagnosis, was COPD, described
in up to 11.3% of cases. Ever since a significant relationship between bronchiectasis and COPD
was noted a little more than a decade ago, more and more studies have focused on this associa-
tion [22,23]. A diagnosis of bronchiectasis as a result of a CT scan was observed to occur in
approximately 50% of patients with moderate-severe COPD [24-26]. A study by Martinez-
Garcia et al. sought to analyze the risk factors for developing bronchiectasis in a group of
patients with moderate-severe COPD. The principal risk factors they found were the presence
of a severe obstruction of air flow, a sputum culture positive for a potentially pathogenic micro-
organism, and a hospital stay during the previous year due to exacerbation. This association
between COPD and bronchiectasis should be taken into account in daily clinical practice, since
COPD patients with this clinical presentation require a slightly different therapeutic approach,
and their prognosis is worse [27].

A less frequent secondary diagnosis in our study was bronchial asthma when bronchiectasis
was characterized as the primary diagnosis. In theory, asthma can both precede and follow the
appearance of bronchiectasis. Airway obstruction with plugged mucus and a decrease in muco-
ciliary clearance in patients with asthma may predispose these patients to persistent infection
and permanent airway damage. On the other hand, ectatic airways may predispose to bronchial
hyperreactivity [21]. In other studies, a higher incidence of asthma has been found in bronchi-
ectasis patients [19].

Average hospital stays decreased during the study period, for both bronchiectasis as the
main diagnosis for admission, and for bronchiectasis as a secondary diagnosis. This seems rea-
sonable and consistent with the evolution of most respiratory pathologies, for which average
hospital stays have become shorter in recent years. However, the cost of hospitalization is
lower only for the group with bronchiectasis as the primary diagnosis; and costs have increased
for bronchiectasis as a secondary diagnosis. This increase in hospitalization costs when bron-
chiectasis is the secondary diagnosis could be related to the type of pathology and the severity
of the primary diagnosis in each case. As we commented before, one of the main reasons for
hospital admission when bronchiectasis is a secondary diagnosis is COPD. Frequently, these
patients present more severe disease which would contribute to a greater use of resources and,
therefore, an increase in healthcare costs. There are few studies published that analyze the eco-
nomic burden of bronchiectasis for healthcare systems [4,28], although the data available sug-
gests that bronchiectasis poses a significant economic drain on healthcare resources.

When analyzing patient characteristics, we observed an increase in comorbidity, measured
using the Charlson index. This seems reasonable and consistent with the increase in the mean
age of patients admitted for bronchiectasis. The number of cases in which Pseudomonas aeru-
ginosa was documented through the study period also rose from 5.96 in 2004 to 6.49% in 2013
(p =0.016). This was probably due not only to a real increase in the number of Pseudomonas
infections and/or colonization, but rather to a greater awareness of the importance of this bac-
terium, given the implications, both for prognosis and treatment, that Pseudomonas aerugi-
nosa isolation may involve [29,30]. The greater prevalence of Pseudomonas infections in
patients hospitalized with bronchiectasis has possibly contributed to the evolution in the costs
and length of hospital stay over the study period. Further investigations are needed to assess
the impact of this infection including the effect of the use of new diagnosis and therapeutic
procedures

As in other studies [8], in-hospital mortality was low and tended to decrease during the
study period. Factors associated with an increase in the risk of in-hospital death in our study
were age, male gender, non-smoking, Pseudomonas aeruginosa infection, and a higher Charl-
son comorbidity index.
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Pseudomonas aeruginosa infection increased the risk of dying when bronchiectasis was cod-
ified as a primary or secondary diagnosis with corresponding OR of 1.44 (95%ClI; 1.30-1.60)
and 1.37 (95%CI; 1.29-1.47). The negative effect of this infection has been found before
[26,28].

The fact that non-smoking could be related to a greater risk of in-hospital mortality might
be confusing. However, this may be easier to understand if we bear in mind that patients with
the more severe disease generally have quit smoking or never did smoke, precisely because of
the severity of their illness. In any case, the data available to date seem to indicate that in-hospi-
tal mortality is low. On the other hand, there are few studies available that assess general mor-
tality indexes in bronchiectasis patients [31,32]. Of high interest is a study by Roberts et al [32]
which reports on 5,700 deaths from bronchiectasis in Wales and England from 2001 to 2007,
showing an annual increase in mortality of 3%. This is important and should raise awareness
that the prognosis for bronchiectasis should not be underrated, and that mortality from this
cause may even increase in the future. Thus, we should always consider the possibility of bron-
chiectasis in our diagnosis when a patient visits his doctor with any sort of respiratory
complaint.

The current study has recognizable strengths and limitations. The main strength lies in the
large sample size and the standardized methodology applied, and constantly maintained during
the study period. Nevertheless, our study contains some limitations that should be considered
when interpreting our results. First, a potential source of bias comes from the use of ICD-
9-CM diagnosis codes to identify patients with bronchiectasis who were hospitalized. The
major concern of using disease codes is, of course, the questionable accuracy of bronchiectasis
diagnosis. Furthermore, it was not possible to verify that all patients diagnosed with bronchiec-
tasis underwent a CT to confirm the diagnosis. Therefore, bronchiectasis diagnosis could be
either underestimated or overestimated. On the other hand, the results shown are limited to
the codified variables. Therefore, there are relevant data that cannot be included (for example
treatments provided). Such an analysis might have reflected the total impact of the disease on
healthcare services in a more realistic manner. Despite these limitations, the CMBD discharge
data has the advantage of being mandated by the National Public Health System and includes
almost 100% of admissions in Spain [33]. In addition, Spain is a large country with a public
health system providing free, comprehensive medical treatment for the entire population, so
patients come from a variety of socioeconomic backgrounds, a fact which lends to provide
external validity to our results.

In conclusion, data obtained from the present study indicate that there was an increase in
the number of hospital admissions with bronchiectasis in Spain during the period 2004 to
2013, but only when the disease was codified as a secondary diagnosis, and the increase was
more noticeable in the older population, in particular in individuals older than 80. On the
other hand, when bronchiectasis was codified as the primary diagnosis, a decrease in the num-
ber of hospital admissions was observed during the study period. This study confirms the strict
correlation of bronchiectasis with COPD, with COPD being the most frequent primary diagno-
sis when bronchiectasis was codified as a secondary diagnosis. The reduction in the average
hospital stay and in-hospital mortality during the study period could indicate that management
of this pathology has been improving over time.
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Abstract

Purpose

The objectives of this study were to analyze the characteristics of male and female patients
hospitalized with acute exacerbation of chronic obstructive pulmonary disease (AE-COPD)
during 2006—2014 according to the presence or absence of bronchiectasis and to study the
factors associated with in-hospital mortality (IHM) in patients hospitalized with AE-COPD
and concomitant bronchiectasis.

Methods

We used the Spanish National Hospital Database to analyze patients admitted with AE-
COPD as their primary diagnosis. Patients included in the study were stratified according to
the presence or absence of bronchiectasis as their secondary diagnosis.

Results

We identified 386,646 admissions for AE-COPD, of which 19,679 (5.09%) involved patients
with concomitant bronchiectasis. When patients with and without bronchiectasis were com-
pared, we observed that the incidence of infection by Pseudomonas aeruginosa was sub-
stantially higher in the former, as were the mean stay, cost, and percentage of readmissions,
although IHM and comorbidity were lower. The course of patients with AE-COPD and bron-
chiectasis was characterized by a gradual increase in prevalence and mean age among men
and no differences in prevalence or lower mean age in women. Mortality was 4.24% and
5.02% in patients with and without bronchiectasis, respectively, although significance was
lost after a multivariate adjustment (OR 0.94; 95% Cl, 0.88—1.01). The factors associated
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with IHM were older age, higher comorbidity, isolation of P. aeruginosa, mechanical ventila-
tion and readmission.

Conclusions

The prevalence of admission with AE-COPD and bronchiectasis increased in men but not in
women during the study period. In patients hospitalized with AE-COPD, we did not find dif-
ferences in mortality when comparing the presence and absence of bronchiectasis. The
analysis of temporal trends revealed a significant reduction in mortality from 2006 to 2014 in
male patients with COPD and concomitant bronchiectasis, but not among women. It is
important to consider the factors associated with IHM such as age, comorbidity, isolation of
P. aeruginosa, mechanical ventilation and readmission to better identify those patients who
are at greater risk of dying during hospitalization.

Introduction

Chronic obstructive pulmonary disease (COPD) and bronchiectasis are two of the most com-
mon diseases of the airway [1,2]. The prevalence of COPD in the general population is approx-
imately 10%, although many cases go undiagnosed [1]. The disease has high rates of morbidity
and mortality and is a major public health problem [2]. The prevalence of bronchiectasis varies
significantly between countries [3-5], with values ranging from 52.3 cases per 100,000 adults
in the USA [3] to 2.7 per 100,000 persons in Finland [4] to 3.7 per 100,000 persons in the pedi-
atric population of New Zealand [5]. COPD represents a major health problem [6].

Patients with COPD and bronchiectasis have specific clinical characteristics, such as greater
sputum production, a greater degree of dyspnea, and a higher number of exacerbations. Nota-
bly, Spanish guidelines on COPD (Ges-EPOC) propose computed tomography (CT) in
patients with the “exacerbated with chronic bronchitis” phenotype to rule out bronchiectasis
because this condition has specific implications for therapy [7]. In turn, prognosis is worse for
patients with both diseases. Thus, the presence of bronchiectasis is associated with greater
mortality in patients with COPD independently of the degree of lung function involvement,
the BODE index, and the number of exacerbations [8].

Between 5% and 10% of patients with bronchiectasis also have COPD [9-11]. Furthermore,
the prevalence of bronchiectasis in patients with moderate or severe COPD ranges from 4% to
72% depending on the series. In any case, this prevalence is greater than that recorded for the
general population and increases with the severity of COPD. The above data support an associ-
ation between both processes that is more than merely random. More in-depth analysis is nec-
essary to clarify this association [12].

Data collection on patients hospitalized with COPD and bronchiectasis at the national level
is important when evaluating the incidence, clinical characteristics, morbidity, mean stay, cost,
and mortality of this association. In Spain, current national registries of patients with respira-
tory diseases such as bronchiectasis could provide more data on the association [13]. However,
the number of patients with COPD and concomitant bronchiectasis remains very low [14].

The objectives of this study were as follows: a) To analyze the characteristics of men and
women hospitalized with acute exacerbation of COPD (AE-COPD) during 2006-2014 accord-
ing to the presence or absence of bronchiectasis and b) To study the factors associated with in-
hospital mortality (IHM) between patients hospitalized with AE-COPD and concomitant
bronchiectasis.
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Material and methods

On discharging a hospitalized patient in the Spanish Health System, physicians must declare
all diagnoses made and procedures performed using the codes of the International Classifica-
tion of Disease, 9th Revision (ICD-9-CM). This information is collected in the Spanish
National Hospital Database (“Conjunto Minimo Basico de Datos” [CMBD]), which compiles
data from all hospitals in the Spanish National Health System [15]. The CMBD includes per-
sonal data (sex and date of birth), date of admission, date of discharge, discharge destination
(home, deceased, or other health care/social care institution), and details of up to 14 discharge
diagnoses and up to 20 procedures performed during admission.

We selected all admissions of patients with exacerbation of COPD (ICD-9-CM code
491.21) as their primary diagnosis during 3 periods of 3 years each between 2006 and 2014.
We stratified the database according to the presence of bronchiectasis (ICD-9-CM code 494)
as a secondary diagnosis.

We analyzed the prevalence, clinical characteristics, diagnostic procedures, and outcomes
of men and women discharged after an exacerbation of COPD according to whether they also
had bronchiectasis. Clinical characteristics included information on overall comorbidity at the
time of hospitalization, which was graded using the Charlson comorbidity index (CCI) [16].
The CCI comprises 17 disease categories whose scores are totaled to obtain an overall score for
each patient. The proportion of patients who died during admission (IHM), the length of hos-
pital stay, and the costs were also estimated for each study period. The costs were calculated
using diagnosis-related groups for the disease. These groups represent a medical cost entity
applicable to a set of diseases requiring analogous management resources [17]. All costs were
adjusted for inflation in Spain during the study period.

We also analyzed the variable “Readmission”. According to the Spanish National Hospital
Database methodology, a “readmission” is defined as a patient that was discharged from a hos-
pital and then readmitted to that hospital within the last month. The variable is considered
positive for any patient discharged in the last month beside which was the primary diagnosis
from the previous admission.

Finally, we studied predictors of IHM in men and women discharged after an exacerbation
of COPD with concomitant bronchiectasis.

Statistical analysis

A descriptive statistical analysis was performed. Quantitative variables were expressed as the
mean (SD). Qualitative variables were expressed as frequencies and percentages. Comparisons
were performed using the chi-squared test, Fisher’s exact test, t test, or ANOVA, as appropri-
ate. Multivariate analysis to investigate time trends for study variables were conducted using
exact logistic regression analysis for small outcomes and logistic regression for variables with
sufficient outcome. Logistic regression models were used to assess factors associated with in-
hospital mortality.

To build the multivariable regression models, we performed the following process:

1. We conducted bivariate analysis for each study variable to assess its association with the
dependent variable.

2. Selection of variables for the multivariable analysis. We included those variables with a sig-
nificant association in the bivariate tests and other study variables that were found to be
important by other authors in the references reviewed, even if their values were not
significant.
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3. To decide which independent variables remained in the final model, we used the Wald sta-
tistic after including them one by one. Consecutive models were created as new variables
were included. These consecutive models were compared with the previous models using
the likelihood ratio test.

4. Once the final model was found, we checked for the presence of collinearity and interac-
tions between variables in the model. We limited interactions to first order (two by two)
interactions. None of the collinearity or interaction analyses showed a significant
association.

Estimates were made using STATA version 10.1 (StataCorp LP, College Station, Texas,
USA). Statistical significance was set at a 2-tailed alpha of 0.05.

Ethical aspects

Full data confidentiality was observed according to Spanish legislation. Patient identifiers were
removed before the database was provided to the authors to maintain strict patient confidenti-
ality. It was not possible to identify individual patients in this study or in the database. Given
the anonymous and mandatory nature of the dataset, it was not necessary to obtain informed
consent. The Spanish Ministry of Health evaluated our study protocol, concluded that it ful-
filled the ethical requirements of Spanish legislation, and provided us with the anonymous
database. Ethical approval was not necessary for the above reasons.

Results

We identified a total of 386,646 admissions with AE-COPD as the main diagnosis in Spain
between 2006 and 2014. Of these, 19,679 patients (5.09%) had bronchiectasis as a secondary
diagnosis. Patients with COPD and bronchiectasis included 16,903 men (85.89%) and 2,776
women (14.11%).

Characteristics of the study population

Table 1 shows the characteristics of patients admitted with AE-COPD according to the pres-
ence or absence of associated bronchiectasis. Men were predominant in both groups. The
mean age was higher in the patients with concomitant bronchiectasis than in those without
(75.31 £ 9.15 vs. 74.72 + 10.48 years, respectively, p<0.001). In contrast, the percentage of
smokers was lower in the first group of patients (43.37% vs. 46.95% respectively, p<0.001).
Comorbidity was also significantly lower in the patients with COPD and bronchiectasis

(for > 2 points, 21.92% vs. 27.83% respectively, p<0.001). The same occurred with obesity
(5.63% vs. 10.61%, respectively, p<0.001).

As for microorganisms isolated (Table 1), the proportion of patients infected by Pseudomo-
nas aeruginosa was significantly greater among those who had associated bronchiectasis than
those who did not (11.74% vs. 2.51%, respectively, p<0.001). The results were similar for
Aspergillus species (0.79% vs. 0.26%, respectively, p<0.001).

As for the procedures, CT and bronchoscopy were performed in more patients with bron-
chiectasis than in those without (14% and 1.73% vs. 6.81% and 0.97%, respectively, p<0.001).
Furthermore, the percentage of patients who required invasive mechanical ventilation was sig-
nificantly lower among those with bronchiectasis than those without (0.49% vs. 0.94%, respec-
tively, p<0.001). The use of noninvasive mechanical ventilation was also significantly lower
among patients with bronchiectasis (p = 0.024). However, oxygen therapy was more frequent
in patients with concomitant bronchiectasis than in those who did not have the disease
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Table 1. Characteristics of patients discharged after a COPD exacerbation according to the presence of bronchiectasis in Spain from 2006 to 2014.

Bronchiectasis
No (n = 366967) Yes (n =19679)
Category n (%) n (%) p-value
Gender Men 313645(85.47) 16903(85.89) 0.100
Women 53322(14.53) 2776(14.11)
Age groups <65 years 58901(16.05) 2421(12.3) <0.001
65-79 years 176377(48.06) 10289(52.28)
>80 years 131689(35.89) 6969(35.41)
Charlson comorbidity index 0 156806(42.73) 9889(50.25) <0.001
1 104712(28.53) 5476(27.83)
>2 105449(28.74) 4314(21.92)
Current tobacco use Yes 172284(46.95) 8535(43.37) <0.001
Obesity Yes 38927(10.61) 1108(5.63) <0.001
Pseudomonas aeruginosa infection Yes 9198(2.51) 2310(11.74) <0.001
S Pneumoniae infection Yes 1086(0.3) 61(0.31) 0.724
Legionella infection Yes 12(0) 1(0.01) 0.669
S. Aureus infection Yes 96(0.03) 4(0.02) 0.620
H. Influenzae infection Yes 57(0.02) 3(0.02) 0.975
Virus infection Yes 231(0.06) 5(0.03) 0.038
Aspergilosis infection Yes 960(0.26) 156(0.79) <0.001
Thoracic computed tomography Yes 24973(6.81) 2756(14) <0.001
Bronchoscopy Yes 3555(0.97) 341(1.73) <0.001
Invasive mechanical ventilation Yes 3450(0.94) 97(0.49) <0.001
Non-invasive mechanical ventilation Yes 19691(5.37) 983(5) 0.024
Eosinophilia Yes 115(0.03) 7(0.04) 0.745
Aerosol therapy Yes 78220(21.32) 3890(19.77) <0.001
Oxygen therapy Yes 104566(28.49) 5800(29.47) 0.003
In hospital mortality Yes 18436(5.02) 835(4.24) <0.001
Readmission Yes 63232(17.23) 4405(22.38) <0.001
Age (years), mean (SD) 74.72(10.48) 75.31(9.15) <0.001
Length of stay (days), mean (SD) 8.27(7.77) 9.57(8.48) <0.001
Cost (euros), mean (SD) 3664.75(2928.41) 3971.67(2191.80) <0.001

P value for comparison between those with and without bronchiectasis

https://doi.org/10.1371/journal.pone.0211222.t001

(29.47% vs. 28.49%, p = 0.003). In contrast, nebulizers were less frequent in the first group

(19.77% vs. 21.32%, respectively, p<0.001).
The mean length of hospital stay was greater in patients with bronchiectasis (9.57 vs. 8.27
days, respectively, p<0.001). The same was found for the cost and proportion of readmissions
(€3,971.67 vs. €3,664.75 and 22.38% vs. 17.23%, respectively, p<0.001 in both cases). In con-
trast, in-hospital mortality was lower in patients with COPD and bronchiectasis than in those
without bronchiectasis (4.24% vs. 5.02%, respectively, p<0.001).

Characteristics of the population suffering from COPD exacerbation and
bronchiectasis according to gender

Fig 1 and Table 2 show the prevalence, clinical features, diagnosis procedures and outcomes
on men and women discharged after a COPD exacerbation and who suffered from concomi-
tant bronchiectasis in Spain from 2006 to 2014.
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Fig 1. Readmission rates, in hospital mortality, diagnosis and therapeutic procedures, P aeruginosa infection, obesity and current tobacco use among men and
women discharged after a COPD exacerbation and who suffered from concomitant bronchiectasis in Spain from 2006 to 2014. Footnote: * Significant time trend
(p<0.05). Exact logistic regression analysis has been used to estimate the time trend for variables with small outcome. Logistic regression for variables with sufficient
outcome. In both cases the models were adjusted by for age, sex, and other covariates as appropriate.

https://doi.org/10.1371/journal.pone.0211222.9001

In men, the prevalence of bronchiectasis increased over time from 4.88% in 2006-2008 to
5.37% in 2012-2014 (p<0.001). No statistically significant temporal variations were found for
women.

The percentage of smokers increased gradually in both sexes, from 41.7% in men and
14.21% in women during 2006-2008 to 51.15% and 29.62%, respectively, in 2012-2014
(p<0.001 in both cases). Comorbidity also increased significantly over time in both sexes (per-
centage of patients with > 2 comorbid conditions: 18.95% in men and 15.51% in women dur-
ing the first period; 26.38% in men and 22.09% in women during the second period; p<0.001
in both cases).

As for isolation of the microorganism, the frequency of infection by P. aeruginosa increased
significantly in men (from 10.38% in 2006-2008 to 13.59% in 2012-2014, p<<0.001). In con-
trast, the frequency of isolation of pneumococcus decreased over time in men (from 0.41% in
2006-2008 to 0.14% in 2012-2014, p = 0.011).

As for diagnostic procedures, the percentage of chest CT scans increased over time in men
(from 12.13% in the first time period to 14.4% in the third, p<0.001). The need for invasive
mechanical ventilation decreased gradually in men (from 0.73% in 2006-2008 to 0.41% in
2012-2014, p = 0.048), whereas the use of noninvasive mechanical ventilation increased (from
3.4% to 6.68%, p<0.001). The frequency of oxygen therapy and aerosol therapy increased sig-
nificantly for both sexes over time.

IHM and readmissions remained stable in both sexes during the study period. The mean
length of hospital stay decreased significantly in both men and women (from 10.29 and 10.21
days, respectively, in 2006-2008 to 9.07 and 8.77 days, respectively, in 2012-2014, p<0.001).
The mean hospital cost decreased significantly over time from €3,931.3 to €3,813.4 in men
and from €4,013.1 to €3,769.2 in women.
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Table 2. Prevalence, age distribution, comorbidity, microorganisms, diagnosis and therapeutic procedures, eosinophilia, length of stay and cost of men and women
discharged after a COPD exacerbation and suffering concomitant bronchiectasis in Spain from 2006 to 2014.

MALE FEMALE
2006-2008 | 2009-2011 | 2012-2014 | OR (95%CI) p- | 2006-2008 |2009-2011 | 2012-2014 OR (95%CI) p-
value value
Prevalence, n (%) 5624(4.88) 5486(5.1) 5793(5.37) 1.05(1.03-1.07) 922(5.03) 858(4.85) 996(4.97) 0.99(0.95-1.04)
<0.001* 0.885?
Age (years), mean (SD) 74.57(9.22) | 75.23(9.17) | 76.07(8.89) <0.001 75.24 76(10.97) | 75(11.09) <0.001
(10.97.)
Age groups, n (%) < 65 740(13.16) 664(12.1) 582(10.05) 0.86(0.81-0.93) 122(13.23) | 130(15.15) | 183(18.37) 1.21(1.07-1.38)
years <0.001*° 0.002*
65-79 3184(56.61) | 2919(53.21) | 2965(51.18) | 0.89(0.86-0.93) 464(50.33) | 360(41.96) | 397(39.86) 0.81(0.74-0.89)
years <0.001*° <0.001*
>80 years | 1700(30.23) | 1903(34.69) | 2246(38.77) | 1.21(1.16-1.26) | 336(36.44) | 368(42.89) | 416(41.77) | 1.11(1.04-1.22)
<0.001 % 0.020*
Charlson comorbidity index, | None 3073(54.64) | 2740(49.95) | 2593(44.76) | 0.83(0.80-0.86) 515(55.86) | 475(55.36) | 493(49.5) 0.87(0.79-0.95)
n (%) <0.001°? 0.005*®
One 1485(26.4) | 1518(27.67) | 1672(28.86) | 1.06(1.01-1.10) | 264(28.63) | 254(29.6) | 283(28.41) | 0.99(0.90-1.10)
0.003*? 0.906 *
Twoor | 1066(18.95) | 1228(22.38) | 1528(26.38) | 1.21(1.16-1.27) | 143(15.51) | 129(15.03) | 220(22.09) | 1.27(1.12-1.43)
more <0.001°? <0.001°?
S Pneumoniae infection, n Yes 23(0.41) 22(0.4) 8(0.14) 0.64(0.42-0.87) 2(0.22) 4(0.47) 2(0.2) 0.96(0.48-1.94)
(%) 0.011° 0.998 "
Legionella infection, n (%) Yes 1(0.02) 0(0) 0(0) 0.61(0.00-5.69) 0(0) 0(0) 0(0) NA
0.665"
S. Aureus infection, n (%) Yes 1(0.02) 1(0.02) 1(0.02) 0.98(0.17-5.54) 0(0) 0(0) 1(0.1) 1.48(0.16-inf)
0.999° 0.717°
H. Influenzae infection, n Yes 2(0.04) 0(0) 0(0) 0.32(0.00-1.84) 1(0.11) 0(0) 0(0) 0.62(0.00-5.60)
(%) 0.221° 0.664°
Virus infection, n (%) Yes 0(0) 3(0.05) 2(0.03) 1.85(0.53-9.01) 0(0) 0(0) 0(0) NA
0.439°
Aspergilosis infection, n (%) | Yes 40(0.71) 49(0.89) 52(0.9) 1.14(0.93-1.40) 8(0.87) 5(0.58) 2(0.2) 0.52(0.26-1.03)
0.276 ° 0.105°
Bronchoscopy, n (%) Yes 103(1.83) 102(1.86) 114(1.97) 1.03(0.90-1.18) 6(0.65) 8(0.93) 8(0.8) 1.09(0.67-1.78)
0.752° 0.722°
Invasive mechanical Yes 41(0.73) 17(0.31) 24(0.41) 0.72(0.54-0.96) 8(0.87) 4(0.47) 3(0.3) 0.58(0.30-1.12)
ventilation, n (%) 0.048 * 0.103°
Eosinophilia, n (%) Yes 2(0.04) 3(0.05) 1(0.02) 0.77(0.33-1.78) 0(0) 0(0) 1(0.1) 1.48(0.16-inf)
0.784° 0.718°
Readmission Yes 1274(22.65) | 1290(23.51) | 1359(23.46) 1.02(0.91-1.16) 163(17.68) | 148(17.25) | 171(17.17) 0.98(0.89-1.11)
0.482° 0.952?
Length of stay (days), mean (SD) 10.29(9.49) | 9.45(8.00) 9.07(8.02) <0.001 10.21(8.06) | 9.32(9.07) | 8.77(6.97) <0.001
Cost (euros), mean (SD) 3931.3 3866.7 3813.4 <0.001 4013.1 3873 3769.2 0.023
(1737.2) (2368.2) (2358.4) (2649.7) (2854.9) (1034.9)

P value and Odds Ratios with 95% confidence intervals (OR 95%CI) for time trend.
* Exact logistic regression analysis has been used to estimate the time trend for variables with small outcome.
® Logistic regression for variables with sufficient outcome. In both cases time trend models were adjusted by for age, sex, and other covariates as appropriate. For

continues variables we used ANOVA and only the P value for the significance is shown.

https://doi.org/10.1371/journal.pone.0211222.t1002

Predictors of IHM in patients with COPD and concomitant bronchiectasis

Fig 2 shows the factors associated with IHM in patients with COPD and concomitant bronchi-
ectasis. After multivariable adjustment, the IHM is not different between women and men
(OR 1.08 [95% CI 0.87-1.39]). Predictors of higher IHM include age >65 years, comorbidity,
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Fig 2. Predictors of in hospital mortality among patients discharged after a COPD exacerbation and suffering concomitant bronchiectasis in Spain from 2006-
2014. Footnote: The variables shown are those that remained in the final multivariable model.

https://doi.org/10.1371/journal.pone.0211222.9002

infection by P. aeruginosa (OR, 1.35 [95% CI 1.11-1.64]), and readmission (OR, 2.16 [95% CI,
1.86-2.50]).Another strong predictor of IHM was mechanical ventilation, both invasive (OR,
7.82 [95% CI, 4.75-12.85]) and noninvasive (OR 2.94 [95% CI, 2.33-3.70]). Oxygen therapy
and current tobacco use were protective factors.

The multivariable analysis of temporal trends revealed a significant reduction in mortality over
time in patients with COPD and concomitant bronchiectasis (OR, 0.97 [95% CI, 0.94-0.99]).

The results of the factors associated with IHM in patients with COPD and concomitant
bronchiectasis by gender are shown in S1 Table. For men, all variables that yielded significant
results in the entire population showed significant OR. For women, only invasive and nonin-
vasive ventilation increased the IHM, and current tobacco use was a protective factor.

Finally, using the entire database including patients with and without bronchiectasis, we
found that the presence of bronchiectasis was not associated with IHM after adjusting for age,
sex and CCI as possible confounders (OR 0.94 [95% CI, 0.88-1.01]).

Discussion

We found that 5.09% of patients admitted with AE-COPD had concomitant bronchiectasis.
This frequency was higher in men and older persons. Previous studies report very different
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frequencies [18,19]. Such wide variability can be explained, at least in part, by differences in
study methodology, patient characteristics, and diagnostic criteria. In the meta-analysis of
Yingmeng et al [20], in which the prevalence of bronchiectasis in individuals with COPD was
54.3%, the patients had to have been diagnosed with COPD according to the GOLD criteria
[21], and the diagnosis of bronchiectasis had to be confirmed using CT. As in our study, per-
sons with COPD and bronchiectasis were older and more often men. We also recorded lower
comorbidity in patients with concomitant bronchiectasis, in contrast to reports from other
studies, where an association was found between the presence of bronchiectasis in patients
with COPD and a greater number of comorbid conditions [22].

As for the microorganisms isolated, we found a greater proportion of infections by P. aeru-
ginosa and Aspergillus species in patients with AE-COPD and bronchiectasis. The association
between the presence of potentially pathogenic microorganisms such as P. aeruginosa and
bronchiectasis in patients with COPD has been confirmed in previous studies [20, 23-26]. Fur-
thermore, while P. aeruginosa isolation increased, pneumococcal isolation decreased in men
discharged after an AE-COPD who suffered from concomitant bronchiectasis. Among the
causes that could justify these results are a more frequent search for P. aeruginosa or more fre-
quent use of pneumococcal vaccination over time in this group of patients.

Diagnostic test results showed that more CT scans and bronchoscopies were performed in
patients with bronchiectasis. The potential explanations for this finding are as follows: first, CT
is the method of choice for diagnosing this disease; and, second, hemoptysis or infectious pro-
cesses that require collection of respiratory samples are more likely in these patients than in
those with no concomitant bronchiectasis.

We found no differences in the use of noninvasive mechanical ventilation in the 2 groups
of patients evaluated; however, invasive ventilation was more frequently used in AE-COPD
patients without bronchiectasis. Greater age and poorer lung function in patients with
AE-COPD and bronchiectasis may explain the fact that noninvasive ventilation is established
as the ceiling of therapy in some cases, thus ruling out more aggressive management. Never-
theless, although admission to the intensive care unit is unusual in patients with bronchiecta-
sis, it is becoming increasingly frequent, as shown by Navaratnam et al [27].

Cost, length of hospital stay, and number of readmissions were higher in COPD patients
with bronchiectasis than in those who did not have bronchiectasis. De la Rosa et al also found
higher costs in patients with COPD and associated bronchiectasis [28]. In any case, few studies
have analyzed the financial cost of bronchiectasis, although available data appear to indicate
that it is a major health care expense [29,30].

We found that crude in-hospital mortality was significantly lower in patients with
AE-COPD and bronchiectasis, although the differences disappeared after the multivariate
adjustment. Previous studies showed that the risk of death in COPD increased significantly in
the presence of bronchiectasis [8,24,25]. Given the greater risk involved, patients with COPD
and bronchiectasis may seek medical care earlier, may be admitted to the hospital with less
severe disease, and may receive more care from physicians, thus accounting for our findings.
However, consistent with our findings, no association was recorded between the presence of
bronchiectasis and mortality in a study of 406 patients who had COPD and severe exacerba-
tions [22] or a study with 338 patients who had no previous exacerbations [31].

Our study showed that the vast majority (>85%) of exacerbations occurred among men,
although other studies have reported that women can be more susceptible to exacerbations
than men [32]. This gender discrepancy has also been described by other authors [19]. Fur-
thermore, we observed various differences according to gender. For men, there was a gradual
increase over time in the prevalence of bronchiectasis, mean age, comorbidity, number of
chest CT scans performed, and percentage of isolations of P. aeruginosa. Comorbidity also
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increased over time in women. In contrast, the mean age tended to decrease in women, and no
significant differences were observed for the prevalence of admissions, the use of CT scans and
bronchoscopy, or the percentage of isolations of P. aeruginosa. These findings could be
explained by the lower number of women evaluated; therefore, it seems reasonable to perform
additional studies with larger numbers of women to draw conclusions on this point. Further-
more, we observed an increase in the use of noninvasive mechanical ventilation, oxygen ther-
apy, and aerosol therapy over time.

The mean length of hospital stay and cost decreased during the study period in both men
and women with AE-COPD and concomitant bronchiectasis, as recorded in other studies on
patients with bronchiectasis [33]. We also found a decrease in in-hospital mortality and the
number of readmissions, as reported elsewhere in patients with COPD [34].

The factors associated with greater in-hospital mortality in patients with AE-COPD and con-
comitant bronchiectasis were age, comorbidity, isolation of P. aeruginosa, readmission, and use of
mechanical ventilation (both invasive and noninvasive). Other authors have also found that the use
of this therapeutic modality during hospitalization is associated with an increased risk of mortality
in patients with acute exacerbations of bronchiectasis [35]. In contrast, smoking was a protective
factor, likely because the more severely ill patients or those with more advanced disease are more
likely to quit smoking or because the diagnostic coding was skewed. Few studies have evaluated
general mortality rates in patients with bronchiectasis [36,37]. Roberts et al [37] reported a 3%
annual gradual increase in mortality due to bronchiectasis in England and Wales during 2001-
2007. In contrast, our study between 2006 and 2014 recorded a reduction in mortality over time,
thus potentially indicating that the management of these patients has been improving over time.

The main strength of our study lies in its large sample size and standardized methodology. The
Spanish National Hospital Database methodology has not changed since it was implemented in
1987. Nevertheless, our study is subject to limitations. First, the use of ICD-9-CM diagnostic
codes to identify patients hospitalized for COPD and bronchiectasis constitutes a potential source
of bias in terms of the quality of data and extrapolation to reality. Given that we cannot verify that
COPD was diagnosed based on spirometry or that all diagnoses of bronchiectasis were confirmed
by CT, both diagnoses could be under- or overestimated. Notably, less than 10% of patients had a
chest CT during their admission, which would have confirmed or excluded a diagnosis of bron-
chiectasis. Some patients may have already had bronchiectasis diagnosed on CT prior to their
admission, but the low prevalence of CT orders (especially among patients “with bronchiectasis”)
remains a concern regarding diagnosis accuracy. Furthermore, since the results are limited to the
coded variables, relevant data may not be included, such as the severity of airflow obstruction and
the treatment or diagnosis procedures received. It is logical to think that the management of hos-
pitalized patients for AE-COPD has changed and improved over the study period as more mod-
ern diagnosis methods and treatments become available. However, Ginde et conducted a study to
assess the validity of ICD 9 CM codes to identify AE-COPD in the emergency department finding
that code 491.2x proved to be effective to identify most cases [38].

Despite these limitations, the CMBD has the advantage of being mandated by the Spanish
National Health System and that it covers nearly 100% of admissions in Spain [39]. In addi-
tion, Spain is a large country with a public health system that provides full medical coverage
free of charge to the entire population; therefore, patients come from a variety of socioeco-
nomic categories, thus improving the external validity of our results.

Conclusions

The prevalence of admission with AE-COPD and bronchiectasis increased in men but not in
women during the study period. We did not find differences in mortality in patients hospitalized
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with AE-COPD depending on the presence of absence of bronchiectasis. The analysis of tempo-
ral trends revealed a significant reduction in mortality from 2006 to 2014 in patients with COPD
and concomitant bronchiectasis. It is important to consider the factors associated with IHM
such as age, comorbidity, isolation of P. aeruginosa, mechanical ventilation and readmission to
better identify those patients who are at greater risk of dying during hospitalization.

Additional studies are necessary to better explain the differences found between men and
women.
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ABSTRACT
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Objective: We aimed to analyze the prevalence of bronchiectasis among patients hospital-
ized with asthma and to assess the effect of suffering bronchiectasis on in-hospital mortal-
ity (IHM).

Methods: We used the Spanish National Hospital Discharge Database from 2000 to 2015 to
evaluate all admissions for asthma exacerbation as the main diagnosis, dividing them
according to the presence or absence of associated bronchiectasis. We assessed time trends
in the prevalence, clinical characteristics, length of hospital stay, costs, and IHM.

Results: Of 342,644 admissions for asthma, 10,377 (3.02%) had bronchiectasis. The preva-
lence of bronchiectasis increased from 2.16% in 2001 to 4.47% in 2015 (p<0.001).
Compared to patients without bronchiectasis, those with bronchiectasis were more fre-
quently women (77.06% vs. 22.94%, p<0.001), were older (68.87+15.16 vs. 47.05+
30.66 years, p < 0.001) and had more comorbid conditions (Charlson comorbidity index > 2:
9.45% vs. 6.58%, p <0.001). Pseudomonas (8% vs. 0.66%, p < 0.001), Aspergillus (0.93% vs.
0.15%, p<0.001), eosinophilia (0.29% vs. 0.17%, p=0.005) and IHM (2.07% vs. 1.2%,
p <0.001) were more frequent in patients with bronchiectasis. After multivariable adjust-
ments, IHM was not associated with bronchiectasis. The presence of bronchiectasis was asso-
ciated with a longer length of hospital stay and higher costs.

Conclusions: Admissions for asthma with bronchiectasis have increased over time in Spain.
In our investigation, the presence of bronchiectasis was not associated with higher IHM, but
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it increased the length of hospital stay and costs.

Introduction

Bronchiectasis is the third-most common chronic
inflammatory disease of the airway, after asthma and
chronic obstructive pulmonary disease (COPD) (1).
An increasing body of literature has shown that the
association between COPD and bronchiectasis is a fre-
quent phenomenon leading to more exacerbations and
worse prognosis (2,3). There is less evidence on the
association between asthma and bronchiectasis. The
pathophysiological mechanisms by which the two dis-
eases are linked are still not well established (1).
of the different

Furthermore, in investigations

etiologies of bronchiectasis, bronchial asthma accounts
for a small percentage of cases, ranging from 1.4% to
5.4% according to the series (4-6).

In previous studies that have evaluated this prevalence
of bronchiectasis in asthmatic patients, highly variable
percentages have been obtained, ranging from 2% to
80% of cases, due in part to the different methodologies
used (7-13). On the other hand, although the presence
of bronchiectasis seems to be related to a greater severity
of asthma (14,15), the impact that its presence may have
on the evolution of the disease is unknown (16).

Among the studies that have analyzed the associ-
ation between asthma and bronchiectasis, few have
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been performed in hospitalized patients. In addition,
great variability has been found in the results of
these studies between different countries (10,17,18).
Analyzing the trends and characteristics of hospitaliza-
tions for these diseases at a national level and compar-
ing these results with those described in other
countries could help improve their management. The
National Hospital Discharge Database provides a
large alternative information source to describe and
analyze the trends and characteristics of hospitaliza-
tion for asthma with and without bronchiectasis at the
national level.

In this study, we aim to (1) analyze the prevalence
of bronchiectasis among patients hospitalized with
asthma and to assess the effect of suffering bronchiec-
tasis on in-hospital mortality (IHM) and (2) identify
factors associated with in-hospital mortality (IHM)
among patients hospitalized with asthma with and
without concomitant bronchiectasis.

Methods

When discharging a hospitalized patient in the
Spanish health system, physicians must declare all
diagnoses made and procedures performed using the
codes of the International Classification of Disease,
9th Revision, Clinical Modification (ICD-9-CM). This
information is collected in the Spanish National
Hospital Discharge Database (SNHDD), which com-
piles data from almost all (>>95%) hospitals in Spain
(19). The SNHDD includes patient variables (gender,
date of birth), admission, and discharge dates, up to
14 diagnoses at discharge and up to 20 procedures
performed during the hospital stay.

Study population

We selected all hospital admissions in Spain from
January 1, 2001, to December 31, 2015, that were
recorded in the SNHDD for patients whose primary
diagnosis was asthma (ICD-9-CM codes 493.xx).

We confirmed that all cases included in our study
sample did not have another subject in the database
with a code for asthma with the same age, gender,
year of admission and hospital, as this would be
the same patient. In this case, only the first admission
was analyzed, and the second or posterior admissions
were discharged. Our study population included
342,644 patients.

We stratified the database according to the pres-
ence of bronchiectasis (ICD-9-CM code 494) as a sec-
ondary diagnosis.

Clinical characteristics included age, gender and
information on overall comorbidity at the time of
hospitalization, which was assessed using the Charlson
comorbidity index (CCI) (20). Patients were divided
into three categories: patients with no previously
recorded comorbidity, patients with one comorbidity
and patients with two or more comorbidities.

Risk factors considered in the data analysis
included current smoking (ICD-9-CM codes: 305.1
and V15.82), obesity (ICD-9-CM code 278.xx) and
eosinophilia (ICD-9-CM code 288.3), recorded during
hospitalization for asthma.

We analyzed pathogens documented during hospi-
talizations using the following ICD-9-CM codes: 481
for Streptococcus pneumoniae, 482.2 for Haemophilus
influenza, 482.1 for Pseudomonas aeruginosa, 482.41
and 482.42 for Staphylococcus aureus, 117.3 for
Aspergillus, 482.84 for Legionella, and 480.9 for virus.

Regardless of the position in the procedures coding
list, we retrieved data about the following in-hospital
procedures: computerized axial tomography of the
thorax (ICD-9-CM code 87.41), bronchoscopy (ICD-
9-CM codes 33.21-33.24), noninvasive mechanical
ventilation (ICD-9-CM code 93.90), invasive mechan-
ical ventilation (ICD-9-CM codes 96.7, 96.70, 96.71,
96.72), aerosol therapy (ICD-9-CM code 93.94), and
oxygen therapy (ICD-9-CM code 93.96).

We estimated the readmission rate (patients who
had been discharged from the same hospital within
the previous 30 days) and the mean length of hospital
stay (LOHS). We also estimated costs. Costs were cal-
culated using diagnosis-related groups (DRGs) (21).
All costs are inflation adjusted. Finally, we analyzed
the THM, defined as the proportion of patients who
died during their hospital admission for each time
period studied.

Statistical analysis
A descriptive statistical analysis was performed.
Quantitative variables were expressed as the mean
with standard deviation (SD). The normal distribution
was checked for continuous variables (age, length of
hospital stay, and costs) using the Kolmogorov-
Smirnov normality test, and for these three variables,
the p values was >0.05, so we accepted that these var-
iables follow a normal distribution in our population.
Qualitative variables were expressed as frequencies
and percentages. Comparisons were performed using
the chi-square test, chi-square test for trend tests,
Fisher’s exact test, t-test, or ANOVA, as appropriate.
To assess the time trends in the prevalence, we
analyzed each single year, but in the tables, the period



prevalence in three five-year periods is shown
to make the tables easier to read. More detailed year-
by-year data are shown in Supplementary Tables 1-4.
We used a Poisson regression model to assess
changes in the prevalence of bronchiectasis among
patients hospitalized for asthma exacerbation and in
the ITHM from 2001 to 2015 according to gender. To
control for confounding factors, these models were
adjusted by age, gender and CCI as appropriate. The
results of the Poisson regression are shown as inci-
dence rate ratios (IRR) with 95% confidence intervals.
Poisson regression is useful for modeling counts or
events that occur randomly over a fixed period of
time or in a fixed space. Often, it is useful when the
probability of any particular incidence occurring is
very small while the population is very large. The
more important assumptions for Poisson regression
are as follows: (i) the response variable is a count per
unit of time or space; (ii) independence: the observa-
tions must be independent of one another; and (iii)
the mean must be equal to variance (overdispersion).
These assumptions were fulfilled in our investigation.
To check the possible overdispersion of the Poisson
model, we also performed a negative binomial regres-
sion model that allows us to check the magnitude of
overdispersion with the alpha parameter. If alpha is
zero or close to zero, we do not have overdispersion,
and it would be better to use Poisson; if it is greater
than zero, we would have to use a negative binomial
regression model. In our case, the alpha was near zero
and not significant, so we could assume that overdis-
persion would not invalidate the Poisson model.
Predictors of IHM among patients hospitalized for
asthma exacerbation with and without bronchiectasis
were identified using unconditional logistic regres-
sion analyses.
The multivariable models were built using the
“enter modeling” method. The process included the
following steps:

1. Each independent variable was analyzed using
bivariate analysis.

2. For the selection of variables for the multivariable
analysis, in the initial model, we included inde-
pendent variables that showed a significant associ-
ation with the dependent variable (p <0.10) and
those found scientifically relevant by other authors.

3. To fit the multivariable model, we used the Wald
statistic (WS) to assess the importance of each
variable; variables that we considered (according
to this test) to not improve the model were
deleted, and a new model was reanalyzed (expert
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opinion method for independent variable selec-
tion). The likelihood ratio test was used to com-
pare successive models with previous models.

4. Once the final model was fitted, we checked for
collinearity and interactions between the remain-
ing variables. The measure of association provided
is the odds ratio (OR) with a 95% confi-
dence interval.

Estimates were made using STATA version 14
(StataCorp LP, College Station, Texas, USA).
Statistical significance was set at a 2-tailed alpha
of 0.05.

Ethical aspects

Full data confidentiality was observed according to
Spanish legislation. The Spanish Ministry of Health
evaluated our study protocol, considered it to fulfill
the ethical requirements of Spanish legislation, and
provided us with the anonymous database.

In Spain, the retrospective use of de-identified
registry data do not require ethical approval by an
Ethics Committee or informed consent according to
Spanish legislation (second paragraph, point 5 Order
3470/2009, 16 December and the Spanish Biomedical
Investigation Law (14/2007, 3 June, article 2.e). We
enclose as supplementary data the “No necessity
report” from the Alcorcon Ethics Committee for inves-
tigation with the Spanish National Hospital Discharge
Database (Conjunto Minimo Basico de Datos).

Results

In our study, we identified a total of 342,644 admis-
sions with asthma as the primary diagnosis in Spain
between 2001 and 2015. Of these, 10,377 patients
(3.02%) had bronchiectasis as a secondary diagnosis.
Patients with asthma and bronchiectasis included
7,997 women (77.06%).

Table 1 shows the characteristics of patients admit-
ted to the hospital with asthma according to the pres-
ence or absence of concomitant bronchiectasis.

Female gender was predominant in both groups. In
our study, the mean age was higher in patients with
concomitant bronchiectasis than in those without
(68.87+15.16 vs. 47.05+30.86years, respectively,
p <0.001) and was associated with more comorbidities
according to the CCI (for > 2 comorbid conditions,
9.45% vs. 6.58%, respectively, p <0.001). In contrast,
the percentage of obesity was lower in the first group
of patients (9.15% vs. 9.80%, respectively, p = 0.025).
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Table 1. Characteristics of patients admitted to the hospital with asthma according to the presence or absence of concomitant

bronchiectasis in Spain from 2001 to 2015.

Bronchiectasis

Factors No (n=332,267) Yes (n=10,377) p-value

Gender, N (%) Male 113,087 (34.03) 2,380 (22.94) <0.001
Female 219,180 (65.97) 7,997 (77.06)

Age groups, N (%) <40 years 131,178 (39.48) 579 (5.58) <0.001
40-64 years 65,551 (19.73) 2,415 (23.27)
65-74 years 48,772 (14.68) 2,870 (27.66)
>75 years 86,766 (26.11) 4,513 (43.49)

Age (years), mean (SD) median [minimum-maximum] 47.05(30.86) 68.87 (15.16) <0.001

46 [1-93] 70 [26-87]

Charlson comorbidity index, N (%) 0 248,756 (74.87) 6,422 (61.89) <0.001
1 61,653 (18.56) 2,974 (28.66)
>2 21,858 (6.58) 981 (9.45)

Tobacco use, N (%) No 281,401 (84.69) 8,734 (84.17) 0.144
Yes 50,866 (15.31) 1,643 (15.83)

Obesity, N (%) No 299,639 (90.18) 9,427 (90.85) 0.025
Yes 32,628 (9.82) 950 (9.15)

Pseudomonas aeruginosa infection, N (%) No 330,067 (99.34) 9,547 (92) <0.001
Yes 2,200 (0.66) 830 (8)

S. Pneumoniae infection, N (%) No 331,854 (99.88) 10,365 (99.88) 0.805
Yes 413 (0.12) 12 (0.12)

Legionella infection, N (%) No 332,263 (100) 10,377 (100) 0.724
Yes 4 (0) 0 (0)

S. Aureus infection, N (%) No 332, 207 (99.98) 10,376 (99.99) 0.527
Yes 0 (0.02) 1(0.01)

H. Influenzae infection, N (%) No 332, 217 (99.98) 10,376 (99.99) 0.656
Yes 0 (0.02) 1 (0.01)

Virus infection, N (%) No 331 826 (99.87) 10,374 (99.97) 0.004
Yes 441 (0.13) 3 (0.03)

Aspergilosis infection, N (%) No 331,761 (99.85) 10,280 (99.07) <0.001
Yes 506 (0.15) 97 (0.93)

Thoracic computed tomography, N (%) No 319,783 (96.24) 9,031 (87.03) <0.001
Yes 12,484 (3.76) 1,346 (12.97)

Bronchoscopy, N (%) No 329,843 (99.27) 10,179 (98.09) <0.001
Yes 2,424 (0.73) 198 (1.91)

Invasive mechanical ventilation, N (%) No 328,858 (98.97) 10,293 (99.19) 0.031
Yes 3,409 (1.03) 84 (0.81)

Noninvasive mechanical ventilation, N (%) No 327,074 (98.44) 10,125 (97.57) <0.001
Yes 5,193 (1.56) 252 (2.43)

Eosinophilia, N (%) No 331,697 (99.83) 10,347 (99.71) 0.005
Yes 570 (0.17) 30 (0.29)

Aerosol therapy, N (%) No 259,419 (78.08) 8,634 (83.2) <0.001
Yes 72,848 (21.92) 1,743 (16.8)

Oxygen therapy, N (%) No 259,658 (78.15) 8,175 (78.78) 0.125
Yes 72,609 (21.85) 2,202 (21.22)

Readmission, N (%) No 304,189 (91.55) 8,617 (83.04) <0.001
Yes 28,078 (8.45) 1,760 (16.96)

In hospital mortality, N (%) No 328,284 (98.8) 10,162 (97.93) <0.001
Yes 3,983 (1.2) 215 (2.07)

Length of stay (days), mean (SD), median [minimum-maximum] 6.17 (5.16) 9.39 (8.84) <0.001

6 [1-24] 10 [3-126]
Cost (euros), mean (SD), median [minimum-maximum] 2655.11 (2148.66) 3094.24 (2124.07) <0.001

2498 [485-11,562] 2916 [2498-51708]

For microorganisms isolated, the proportion of
patients infected by Pseudomonas aeruginosa was higher
among those who had associated bronchiectasis than
among those who did not (8% vs. 0.66%, respectively,
Pp < 0.001). The results were similar for Aspergillus species
(0.93% vs. 0.15%, respectively, p < 0.001).

For procedures, computerized axial tomography of
the thorax and bronchoscopy were performed in more
patients with bronchiectasis than in those without
bronchiectasis (12.97% and 1.91% vs. 3.76% and 0.73%,
respectively, p < 0.001). Furthermore, the percentage of

patients who required noninvasive mechanical ventila-
tion was significantly higher among those with bron-
chiectasis (2.43% vs. 1.56%, respectively, p < 0.001).
However, the use of invasive mechanical ventilation
was lower (0.81% vs. 1.03%, p=0.031). Eosinophilia
was more frequent in patients with concomitant bron-
chiectasis (0.29% vs. 0.17%, p=0.005), and nebulizers
were less frequent in the bronchiectasis group (16.8%
vs. 21.92%, respectively, p < 0.001).

The mean LOHS was higher in patients with bron-
chiectasis (9.39 vs. 6.17 days, respectively, p <0.001).
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Table 2. Prevalence, clinical characteristics, diagnosis procedures and outcomes of male patients admitted to the hospital with
asthma and suffering concomitant bronchiectasis in Spain from 2001 to 2015.

Factors 2001-2005 2006-2010 2011-2015 p-value for trend
Prevalence, n (%) 621 (1.53) 755 (1.94) 1004 (2.79) <0.001
Age (years), mean (SD) 63.55 (17.61) 64.54 (17.33) 67. 64 (16.49) <0.001
Age groups, n (%) <40 years 67 (10.79) 93 (12.32) 0 (7.97) <0.001

40-64 years 160 (25.76) 181 (23.97) 247 (24.6)

65-74 years 210 (33.82) 225 (29.8) 221 (22.01)

>75 years 184 (29.63) 256 (33.91) 456 (45.42) <0.001
Charlson comorbidity index, n (%) 0 448 (72.14) 490 (64.9) 571 (56.87)

1 120 (19.32) 207 (27.42) 296 (29.48)
Tobacco use, n (%) >2 53 (8.53) 58 (7.68) 137 (13.65) 0.01
Obesity, n (%) 196 (31.56) 244 (32.32) 381 (37.95) 0.229
Pseudomonas aeruginosa infection, n (%) 34 (5.48) 37 (4.9) 8 (6.77) 0.024
S. Pneumoniae infection, n (%) 40 (6.44) 78 (10.33) 77 (7.67) 0.474
Legionella infection, n (%) 1 (0.16) 1(0.13) 0 (0) NA
S. Aureus infection, n (%) 0 (0) 0 (0) 0 (0) NA
H. Influenzae infection, n (%) 0 (0) 0 (0) 0 (0) 0.341
Virus infection, n (%) 0 (0) 1(0.13) 0 (0) 0.504
Aspergilosis infection, n (%) 0 (0) 0 (0) 1(0.1) 0.48
Thoracic computed tomography, n (%) 84 (13.53) 119 (15.76) 152 (15.14) 0.494
Bronchoscopy, n (%) 8 (1.29) 22 (2.91) 27 (2.69) 0.106
Invasive mechanical ventilation, n (%) 10 (1.61) 7 (0.93) 8 (0.8) 0.272
Noninvasive mechanical ventilation, n (%) 6 (0.97) 10 (1.32) 29 (2.89) 0.008
Eosinophilia, n (%) 2(0.32) 2 (0.26) 7 (0.7) 0.348
Aerosol therapy, n (%) 47 (7.57) 103 (13.64) 244 (24.3) <0.001
Oxygen therapy, n (%) 102 (16.43) 149 (19.74) 247 (24.6) <0.001
In-hospital mortality, n (%) 14 (2.25) 15 (1.99) 4 (1.39) 0.406
Readmission, n (%) 107 (17.23) 135 (17.88) 175 (17.43) 0.947
Length of stay, (days), mean (SD) 9.22 (7.88) 8.59 (7.09) 8.31 (6.87) 0.045
Cost (euros), mean (SD) 3036.78 (1953.11) 3064.83 (3026.75) 3430.88 (3478.52) 0.01

p values for time trend comparing the three time periods shown in the table using chi square for trends except for age, length of stay and costs that
ANOVA was used.
In all variables the proportions shown are for those that fulfill the condition.

Additionally, the proportion of readmission and cost
was significantly higher in patients with bronchiec-
tasis, as shown in Table 1.

We found that the IHM in patients with asthma
and bronchiectasis was 2.07% and 1.2% in those with-
out bronchiectasis (p < 0.001). However, after adjust-
ments were made for age, gender and comorbidities,
this difference became insignificant.

Tables 2 and 3 show the prevalence, clinical charac-
teristics, diagnostic procedures and outcomes of male
(Table 2) and female (Table 3) patients admitted to
the hospital with asthma and suffering concomitant
bronchiectasis in Spain from 2001 to 2015 in five-year
periods. Detailed year-by-year data can be found in
Supplementary Tables 1-4.

The prevalence of bronchiectasis increased from
2.16% in 2001 to 4.47% in 2015 (p<0.001). This
increase was significant over time in both genders,
from 1.53% in 2001-2005 to 2.79% in 2011-2015 in
males and from 2.89% in the first period to 4.43% in
the last period in females. The Poisson regression
models adjusted by age and CCI showed a significant
increase in the prevalence of bronchiectasis for males
(IRR 1.11, 95% CI 1.02-1.17) and females (IRR 1.08,
95% CI 1.01-1.14)

The mean age increased progressively over time in
both genders, from 63.55years in 2001-2005 to

67.64 years in 2011-2015 in men and from 67.85 years
to 70.43years in women (p<0.001 in both cases).
Comorbidity also increased significantly over time in
males and females (percentage of patients with > 2
comorbid conditions: 8.53% in men and 6.59% in
women during the first period; 13.65% and 11.84% in
the last; p < 0.001 in both cases).

The percentage of smokers increased gradually in
both genders, from 31.56% in men and 6.45% in
women during 2001-2005 to 37.95% and 14.01%,
respectively, in 2011-2015 (p=0.01 in males and
p <0.001 in females). However, obesity only increased
significantly in females over time.

For the isolation of microorganisms, the frequency
of infection by P. aeruginosa increased significantly
over time in both genders.

The percentage of computerized axial tomography
of the thorax and bronchoscopy increased over time
only in women (from 9.95% and 1.12% in the first
period to 13.84% and 2.2% in the last period, respect-
ively, p<0.001). The need for invasive mechanical
ventilation decreased gradually in women (from 1.12%
in 2001-2005 to 0.68% in 2011-2015, p=0.028),
whereas the use of noninvasive mechanical ventilation
increased in both genders over time. Furthermore, the
frequency of oxygen therapy and aerosol therapy
increased significantly for both genders over time.
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Table 3. Prevalence, clinical characteristics, diagnosis procedures and outcomes of female patients admitted to the hospital with
asthma and suffering concomitant bronchiectasis in Spain from 2001 to 2015.

Factors 2001-2005 2006-2010 2011-2015 p-value trend
Prevalence, n (%) 2231 (2.89) 2405 (3.24) 3361 (4.43) <0.001
Age (years), mean (SD) 67.85 (14.91) 70.86 (13.68) 70.43 (14.39) <0.001
Age groups, n (%) < 65 years 668 (29.94) 610 (25.36) 888(26.42) <0.001
65-74 years 726 (32.54) 662 (27.53) 826(24.58)
>75 years 837 (37.52) 1133 (47.11) 1647(49)
Charlson comorbidity index, n (%) 0 1506 (67.5) 1493 (62.08) 1914(56.95) <0.001
1 578 (25.91) 724 (30.1) 1049(31.21)
>2 147 (6.59) 188 (7.82) 398(11.84)
Tobacco use, n (%) 144 (6.45) 207 (8.61) 471 (14.01) <0.001
Obesity, n (%) 138 (6.19) 238 (9.9) 435 (12.94) <0.001
Pseudomonas aeruginosa infection, n (%) 147 (6.59) 232 (9.65) 256 (7.62) <0.001
S. Pneumoniae infection, n (%) 3(0.13) 5(0.21) 2 (0.06) 0.287
Legionella infection, n (%) 0 (0) 0 (0) 0 (0)
S. Aureus infection, n (%) 0 (0) 1 (0.04) 0 (0) 0.313
H. Influenzae infection, n (%) 0 (0) 0 (0) 0 (0)
Virus infection, n (%) 0 (0) 1 (0.04) 1 (0.03) 0.653
Aspergilosis infection, n (%) 21 (0.94) 30 (1.25) 24 (0.71) 0.117
Thoracic computed tomography, n (%) 222 (9.95) 304 (12.64) 465 (13.84) <0.001
Bronchoscopy, n (%) 5(1.12) 42 (1.75) 74 (2.2) 0.011
Invasive mechanical ventilation, n (%) 5(1.12) 11 (0.46) 23 (0.68) 0.028
Noninvasive mechanical ventilation, n (%) 4 (1.52) 53 (2.2) 120 (3.57) <0.001
Eosinophilia, n (%) 4 (0.18) 5(0.21) 10 (0.3) 0.632
Aerosol therapy, n (%) 251 (11.25) 321 (13.35) 777 (23.12) <0.001
Oxygen therapy, n (%) 425 (19.05) 496 (20.62) 783 (23.3) <0.001
In-hospital mortality, n (%) 5 (2.47) 55 (2.29) 62 (1.84) 0.252
Readmission, n (%) 378 (16.94) 412 (17.13) 553 (16.45) 0.775
Length of stay, (days), mean (SD) 10,51 (9,58) 9.81 (8.06) 8.9 (6.78) <0.001
Cost (euros), mean (SD) 3026.11 (1587.84) 2951 (1564.85) 3158.62 (2019.6) <0.001

p values for time trend comparing the three time periods shown in the table using chi square for trends except for age, length of stay and costs that

ANOVA was used.
In all variables the proportions shown are for those that fulfill the condition.

Table 4. Predictor of in hospital mortality of patients admitted to the hospital with asthma and suffering concomitant bronchiec-

tasis in Spain from 2001 to 2015.

Both gender Female Male

Factors OR (Cl 95%) OR (Cl 95%)
Gender Female 1 NA NA

Male 1.08 (0.76-1.54) NA NA
Age groups < 40 years 1 1 1

40-64 years 3.25 (0.4-24.05) 2.82 (0.29-26.12) 3.78 (0.67-28.61)

65-74 years 8.02 (1.09-59.16) 8.86 (1.39-61.03) 7.14 (1.01-68.45)

> 75 years 12.24 (1.67-89.66) 11.03 (1.24-93.41) 14.82 (2.09-97.28)
Charlson comorbidity index 0 1 1 1

1 1.76 (1.28-2.41) 1.62 (1.12-2.69) 1.90 (1.34-3.23)

>2 3.03 (2.09-4.45) 3.55 (1.89-5.09) 2.39 (1.36-4.99)
Tobacco use No 1 1 1

Yes 0.36 (0.18-0.73) 0.45 (0.22-0.84) 0.32 (0.10-0.86)
Aspergilosis infection No 1 1 1

Yes 3.11 (1.31-7.39) 2.53 (1.06-8.19) 4.01 (1.44-9.37)
Invasive mechanical ventilation No 1 1 1

Yes 11.51 (6.17-21.46) 13.21 (7.06-24.86) 8.02 (1.91-22.35)
Noninvasive mechanical ventilation No 1 1 1

Yes 3.54 (2.06-6.07) 3.20 (1.97-6.39) 3.96 (2.25-6.88)
Readmission No 1 1 1

Yes 2.8 (2.1-3.73) 2.9 (2.21-3.98) 2.5 (1.87-3.42)

IHM remained stable in both genders during the
study period. Shown in Supplementary Table 5 are the
time trend analysis for males and females from 2001
to 2015 using Poisson regression adjusted by age and
the CCI. As seen, none of the time trends analyzed
showed significant change over time.

The mean LOHS decreased significantly in both men
and women (from 9.22 and 10.51 days, respectively, in

2001-2005 to 8.31 and 8.9days in 2011-2015; p =0.045
for males and p < 0.001 for females). The mean hospital
cost increased significantly for both genders over time.

Table 4 summarizes the results of the multivariable
analysis of factors associated with THM among
patients hospitalized with asthma and concomitant
bronchiectasis according to gender. The predictors of
IHM were the same for females and males.
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For the entire population, the IHM was signifi-
cantly higher in older subjects (vs. <40 years old, OR:
8.02, 95% CI 1.09-59.16 for those 65-74years old;
OR: 12.24, 95% CI 1.67-89.66 for those > 75years
old) and in those with more comorbidities according
to the CCI (vs. no comorbidities; OR: 1.76, 95% CI
1.28-2.41 for one comorbidity; OR: 3.03, 95% CI
2.09-4.45 for two or more comorbidities).

Patients with Aspergillosis infection had a 3.11-fold
higher probability of dying during their stay than did
those without that pathogen.

The presence of invasive and noninvasive mechan-
ical ventilation increased the probability of dying in
patients with asthma and concomitant bronchiectasis
(OR 11.51, 95% CI 6.17-21.46 and OR 3.54, 95% CI
2.06-6.07, respectively).

We found that patients with readmission were 2.82
(95% CI 2.1-3.73) times more likely to die than were
patients without readmission.

The results of the multivariable logistic regression
model to identify predictors of IHM among patients
with asthma and without concomitant bronchiectasis
are shown in Supplementary Table 6.

The predictors of IHM were very similar to those
found among patients suffering concomitant bronchi-
ectasis. However, in this population, male gender (OR
1.14; 95% CI 1.05-1.24) and Pseudomonas aeruginosa
infection (OR 1.67; 95% CI 1.35-2.06), increased the
risk of death. Unlike those with bronchiectasis, among
those without this disease, obesity (OR 0.80; 95% CI
0.72-0.89) and aerosol therapy (OR 0.75; 95% CI
0.68-0.82) showed a protective effect. We analyzed
the existence of collinearity between variables in the
final models, finding no variables with significant
associations.

Discussion

In this study, we found the presence of bronchiectasis
in 3.02% of patients admitted for asthma exacerbation,
being more frequent in women, in older patients and
in those with greater comorbidity. The prevalence of
bronchiectasis in asthma patients has been analyzed
previously, with highly variable results according to
the methodology used (7-13), although in some
works, similar values to ours have been found (10,17).
In the study conducted by Kang et al. (10), 2,270 cases
of asthma were reviewed, with a bronchiectasis preva-
lence of 2.2%. Similarly, Oguzulgen et al. (17) eval-
uated 1680 asthmatic patients and detected a
prevalence of bronchiectasis of 3%. When assessing
these results, it is important to take into account that
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no computerized axial tomography of the thorax (CT)
was performed on all patients, which could contribute
to an underestimation of the diagnosis. A study with a
methodology similar to ours conducted by Xie et al.
(18) analyzed bronchial asthma admissions according
to the presence or absence of bronchiectasis and found
this condition in 19.7% of cases. In general, the preva-
lence is higher in studies in which a high-resolution
CT was performed in all patients (9,13,22), although it
should be noted that these studies had been carried out
in patients with severe or uncontrolled asthma, in
whom bronchiectasis appears to be more frequent.

Regarding microbiological isolates, a higher propor-
tion of Pseudomonas aeruginosa and Aspergillus infec-
tions were observed in asthma exacerbations with
associated bronchiectasis. These results are consistent
with those obtained in other studies (23), which could
be justified by the greater predisposition to infection
in this patient group. When diagnostic tests were
examined, we can see that more CT and more bron-
choscopy were performed in the group with bronchi-
ectasis. This finding could be partly due to the use of
CT as the diagnostic method of choice and the higher
frequency of hemoptysis or respiratory infections that
require samples for culture when bronchiectasis exists.

Eosinophilia was more frequent in asthmatic
patients with bronchiectasis. Similar results have been
previously described by other authors, such as Coman
et al. (22), raising the possibility of considering bron-
chiectasis as another criterion for severe eosino-
philic asthma.

The LOHS, costs and number of readmissions were
higher in patients with bronchiectasis. When analyz-
ing the costs of hospitalizations for bronchiectasis in
Spain, it has been observed that they decrease only
when bronchiectasis is the main cause but increase
when they constitute a secondary diagnosis (24), as
we found in our study.

When analyzing the evolution of the prevalence
and clinical characteristics, we observed that the
prevalence increased significantly during the study
period, as well as age and comorbidity. Similar results
have been described by other authors, such as Xie
et al. (18). This increase over time could be explained,
at least in part, by the existence of greater knowledge
of this pathology, by the greater longevity of the
population and by the increase in the use of CT to
diagnose bronchiectasis.

After adjusting for age, gender and comorbidities,
we did not find differences in IHM in asthmatic
patients with and without bronchiectasis. These results
merit attention considering that previous studies have
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shown that asthmatic patients hospitalized for acute
exacerbation of bronchiectasis have more serious con-
ditions and longer hospitalization times than do asth-
matic patients hospitalized for acute asthmatic attack
(18). The possible effect of bronchiectasis on IHM
should be evaluated in prospective studies using clin-
ical data and a larger sample size.

We did not detect significant variations in ITHM
over time, as described by other authors (25). There
are few studies that evaluate general mortality rates in
patients with bronchiectasis (26,27). In the study car-
ried out by Roberts et al. (27), 5,700 bronchiectasis
deaths in Wales and England were collected from
2001 to 2007. They detected an increase in mortality
due to bronchiectasis at a rate of 3% per year. This
finding is relevant and should lead us to consider that
the prognosis of bronchiectasis is not negligible and
that mortality could be increasing.

The determining factors of higher mortality among
patients hospitalized with asthma and concomitant
bronchiectasis in our study were age, comorbidity,
Aspergillus infection, use of mechanical ventilation
and readmissions. Active smoking was a protective
factor, which seems contradictory since a history of
smoking has been significantly associated with
increased mortality in patients with bronchiectasis
(28). We think that a survival bias can partly explain
this contradictory result, with the heaviest smoker
dying before developing bronchiectasis. Additionally, a
selection bias could occur, as only those with mild
asthma and bronchiectasis continue smoking, while
those with more severe diseases (and a higher risk of
dying) have stopped this unhealthy habit after many
years but before their hospitalization, which may bias
our results. However, these hypotheses require verifi-
cation in additional studies.

In previous studies, other factors associated with
increased mortality or poor prognoses have been iden-
tified in patients with bronchiectasis. They include
male gender, low body mass index (29), isolation of
Pseudomonas (30) and existence of airflow limita-
tion (28,30).

This study has strengths and limitations that we
should consider when interpreting the results. The
main strength is the large sample size. In addition, the
methodology is homogeneous and remains constant
throughout the entire period analyzed. The main limi-
tation and potential source of bias is the use of ICD-
9-CM diagnostic codes to identify patients admitted
for asthma and bronchiectasis, since we do not know
the accuracy with which they have been applied. On
the other hand, the reflected results are limited to the

coded variables, which means that there are relevant
data that we cannot include, such as lung function,
antecedents or symptomatology.

Despite these limitations, the SNHDD has the great
advantage of being linked to the National Public
Health System and of including almost 100% of hos-
pital admissions in Spain. In turn, the Spanish health
system is public, complete and free for the entire
population, so the data collected include individuals
in all socioeconomic categories, which improves the
external validity of the results.

Conclusions

We found that the presence of bronchiectasis in
asthma patients is more frequent in women, in older
patients and in those with more comorbidities. In
addition, it is related to a higher frequency of infec-
tion by Pseudomonas aeruginosa and leads to an
increase in LOHS, costs and rate of readmissions. The
prevalence of admissions for exacerbation of bronchial
asthma with bronchiectasis is increasing over time,
without striking differences observed between genders
in this evolution. The results obtained are in favor of
the presence of bronchiectasis being related to the
existence of poorly controlled asthma, either as a risk
factor or as a consequence of this fact. More studies
are needed to corroborate and deepen the characteris-
tics of this relationship.

Time periods were not included in the model since
there was no significant association in the bivariate
analysis for the entire sample, females or male patients.
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Abstract: To examine and compare in-hospital mortality (IHM) of community-acquired pneumonia
(CAP) and non-ventilator hospital-acquired pneumonia (NV-HAP) among patients with or without
bronchiectasis (BQ) using propensity score matching. A retrospective observational epidemiological
study using the Spanish Hospital Discharge Records, 2016-17. We identified 257,455 admissions with
CAP (3.97% with BQ) and 17,069 with NV-HAP (2.07% with BQ). Patients with CAP and BQ had less
comorbidity, lower IHM, and a longer mean length of hospital stay (p < 0.001) than non-BQ patients.
They had a higher number of isolated microorganisms, including Pseudomonas aeruginosa. In patients
with BQ and NV-HAP, no differences were observed with respect to comorbidity, in-hospital mortality
(IHM), or mean length of stay. P. aeruginosa was more frequent (p = 0.028). IHM for CAP and NV-HAP
with BQ was 7.89% and 20.06%, respectively. The factors associated with IHM in CAP with BQ were
age, comorbidity, pressure ulcers, surgery, dialysis, and invasive ventilation, whereas in NV-HAP
with BQ, the determinants were age, metastatic cancer, need for dialysis, and invasive ventilation.
Patients with CAP and BQ have less comorbidity, lower IHM and a longer mean length of hospital
stay than non-BQ patients. However, they had a higher number of isolated microorganisms, including
Pseudomonas aeruginosa. In patients with BQ and NV-HAP, no differences were observed with respect
to comorbidity, in-hospital mortality, or mean length of stay, but they had a greater frequency of
infection by P. aeruginosa than non-BQ patients. Predictors of IHM for both types of pneumonia
among BQ patients included dialysis and invasive ventilation.

Keywords: community-acquired pneumonia; non-ventilator hospital-acquired pneumonia;
hospitalizations; bronchiectasis; in-hospital mortality
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1. Introduction

Bronchiectasis (BQ) is a disease characterized by abnormal and irreversible dilations of the bronchi,
with alteration of the ciliary epithelium and secondary symptoms [1]. It generally manifests as
a cough, expectoration, and persistent or recurrent respiratory infections [2-4]. The overall perception
and management of BQ has varied dramatically in recent years, and the disease has become increasingly
relevant owing to its greater prevalence and the negative impact of its co-occurrence with other diseases.
BQ is currently considered the third most common chronic inflammatory disease of the airway after
asthma and chronic obstructive pulmonary disease [2,3]. However, the real prevalence of this condition
remains unknown, although it is thought to range between 53 and 566 cases per 100,000 inhabitants.
BQ more commonly affects women and older people [4-6].

In most series analyzed, respiratory infections continue to be the main cause of BQ [7-9].
Furthermore, the presence of BQ favors the development of respiratory infections, including
pneumonia, and generates considerable health care costs [10]. Nevertheless, very few studies have
evaluated the prevalence and characteristics of community-acquired pneumonia (CAP) in patients with
BQ[11-14], and even fewer have examined non-ventilator hospital-acquired pneumonia (NV-HAP) [15].
Furthermore, when the diagnosis of BQ is delayed, we often discover numerous previous episodes of
respiratory infection or pneumonia, with the consequent impairment of lung function and quality of
life. BQ increases the risk of infection by Pseudomonas aeruginosa and other pathogens that are resistant
to initial empirical treatment of pneumonia. Thus, BQ is a risk factor for the emergence of resistance to
antibiotics in the treatment of pneumonia [16-18].

Important epidemiological information on BQ can be obtained using hospital discharge databases.
Collecting data on admissions for pneumonia in patients with BQ at a national level can shed light on
the incidence, patient characteristics, mean length of hospital stay, and in-hospital mortality (IHM).
Furthermore, analysis of the trends and characteristics of hospitalizations for this subgroup at a national
level and comparison with results from other countries can improve our knowledge and management
of this disease.

In this study, our objectives were as follows: (i) to examine the characteristics of CAP and NV-HAP
among patients with and without BQ in Spain during the period 2016-17; (ii) to compare IHM for CAP
and NV-HAP between patients with and without BQ using propensity score matching (PSM); and (iii)
to identify factors associated with IHM after CAP and NV-HAP among patients with BQ.

2. Materials and Methods

2.1. Design, Setting, and Participants

This observational retrospective epidemiological study was conducted using the Hospital
Discharge Records of the Spanish National Health System (RAE-CMBD, Registro de Actividad de
Atencion Especializada-Conjunto Minimo Basico de Datos (Register of Specialized Care Activity-Basic
Minimum Database)) from 1 January 2016 to 31 December 2017. The RAE-CMBD provides anonymous
detailed medical information on over 92% of admissions to Spanish public and private hospitals,
including discharge diagnoses (up to 20) and procedures performed (up to 20) during the hospital stay
using the codes of the International Classification of Disease, 10th Revision (ICD-10) [19]. Each discharge
diagnosis has a “Present on Admission” (POA) indicator assigned according to the ICD-10-CM Official
Guidelines for Coding and Reporting (https://icdlist.com/icd-10/guidelines/). The reporting options
and definitions for POA are “Y” (present at the time of inpatient admission), “N” (not present at the time
of inpatient admission), “U” (documentation is insufficient to determine if the condition was present
at the time of inpatient admission), “W” (provider is unable to clinically determine whether condition
was present at the time of inpatient admission), and “1” (unreported/not used. Exempt from POA
reporting).

The study population comprised all admissions of patients who were hospitalized with a diagnosis
of pneumonia. We defined CAP as any hospitalization that included any of the following conditions:
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(i) any ICD-10 code from J12 to J18 as the primary diagnosis with a POA indicator of “Y”; and (ii) any
ICD-10 code from J12 to J18 in any of the secondary diagnosis fields (2-20) and with a POA indicator of
“Y”. NV-HAP is defined as an episode of pneumonia unassociated with mechanical ventilation that is
not incubating at the time of admission to hospital. We identified NV-HAP in patients with any ICD-10
codes from J12 to J18 in any diagnosis position and with a POA indicator coded as “N” that had been
hospitalized for >48 h. We excluded hospitalizations with ventilator-associated pneumonia defined as
any hospitalization with diagnostic ICD-10 code J95.851 in any position, influenza-related pneumonia
(ICD-10 codes: J09, J10, J11), aspiration pneumonia (J69, J69.0, J69.1, J69.8), and hospitalizations with
ICD-10 codes from J12 to J18 in any diagnosis fields and with a POA indicator coded as “U” or “W” or
“unreported/not used”.

We grouped admissions by BQ status as follows: “BQ patients” if the ICD-10 code J47.x was
recorded in any position (1-20) and with a POA indicator of “Y” and “non-BQ patients” if no codes
for BQ appeared in any diagnostic position. Thus, any patient that was diagnosed with BQ during
the admission (POA indicator of “N”) would not be included in our investigation.

2.2. Main Outcome Measures

Our main outcome measure is the IHM after CAP and NV-HAP among patients with and without
BQ. Secondarily, we compared covariates such as demographic information (age and sex), diagnosed
comorbidities, therapeutic procedures, and length of hospital stay (LOHS) according to the presence
of BQ.

2.3. Study Variables

To assess the burden of comorbidity, all conditions included in the Charlson Comorbidity Index
(CCI) coded in any diagnosis position in the discharge report were identified [20]. The ICD-10 codes
used to identify the conditions of the CCI are those described by Quan et al. [21].

The RAE-CMBD includes a variable with the diagnosis-related groups categorized as
medical/surgical/other. This was used to identify those patients who underwent any type of surgical
procedure during their hospital admission [19].

Irrespective of the position on the procedure coding list, we specifically identified the following
procedures: computed axial tomography of the thorax, fiberoptic bronchoscopy, non-invasive
mechanical ventilation, invasive mechanical ventilation, and dialysis. The diagnosis of pressure
ulcer was also identified. We analyzed pressure ulcers because previous investigations have associated
the occurrence of pneumonia and its outcome with pressure ulcers [22,23]. Furthermore, in our
opinion, the diagnosis of pressure ulcers can influence the morbidity and mortality of patients with BQ
and the length of hospital stay. The ICD-10 codes used for this purpose are shown in Table S1.

We analyzed pathogens documented during hospitalizations for pneumonia using the following
ICD-10 codes: A48.1 for Legionella; B37.1 for candidiasis; B44.9 for Aspergillus; J13 for Streptococcus
pneumoniae; J14 for Haemophilus influenzae; J15 for Klebsiella pneumoniae; J15.1 for Pseudomona aeruginosa;
J15.211 and J15.212 for Staphylococcus aureus; J15.4 for pneumonia due to other streptococci; J15.5 for
Escherichia coli; and J15.6 for other Gram-negative bacteria.

2.4. PSM Method

We used PSM to obtain unbiased matched populations of BQ and non-BQ patients adjusted for
the impact of previous confounding factors [24]. PSM consists of selecting BQ patients and non-BQ
patients with the same, or nearly the same, propensity score obtained using logistic regression in order
to match the structure of confounding factors for both groups of patients [24,25]. The variables included
in the PSM model were sex, age, all comorbidities analyzed, and whether the patient underwent
surgery. Historically, PSM is typically used to "allow investigators to estimate causal treatment effects
using observational or nonrandomized data”. However, as described by Szklo M. and Nieto EJ., PSM
is a method that can be used to mimic randomization by making the exposed and non-exposed cohort



J. Clin. Med. 2020, 9, 2339 40f 14

as comparable as possible with respect to relevant confounding variables [26]. In our investigation,
the exposed cohort makes up those suffering BQ and the non-exposed cohort those not suffering this
condition. Therefore, propensity scores can be thought of as an advanced matching technique that
makes possible the comparison of populations with very different sizes and distributions according to
possible confounding variables [26]. This approach, considering exposed and non-exposed patients or
those without a condition and not a treatment or an intervention, has been previously used by other
authors [27-31].

2.5. Statistical Methods

A descriptive statistical analysis was performed for all continuous variables and categories.
Variables are expressed as percentages and as means/medians with standard deviations/interquartile
ranges. To assess differences between BQ and non-BQ patients, the statistical tests conducted for
continuous variables were the t-test for normal distributions and the Mann—-Whitney test for non-normal
distributions; categorical variables were compared using the chi-square test.

The paired t-test was used for continuous variables and the McNemar test was used for categorical
variables to compare BQ and non-BQ patients after matching [32].

In order to identify variables associated with IHM as a binary outcome among BQ patients with
both types of pneumonia, we performed multivariable logistic regression analyses. The variables
included in the models were those with significant results in the bivariable analysis and those considered
relevant in other investigations [10-15]. The estimate applied was the odds ratio (OR) with its 95% CL

In order to check the validity of the PSM, and as a sensitivity analysis, we also built a multivariable
logistic regression model using the entire database to assess the effects of BQ on the IHM among
patients with CAP and NV-HAP after controlling for possible confounders.

PSM and all statistical analysis were performed using Stata version 10.1 (Stata, College Station,
Texas, USA). Statistical significance was set at p < 0.05 (2-tailed).

2.6. Ethical Aspects

The RAE-CMBD is owned by the Spanish Ministry of Health, which provided us with the database.
When we received the database, all personal identifiers had been deleted to guarantee data
confidentiality. According to Spanish legislation and given the type of data used in our investigation,
it was not necessary to obtain the approval of an ethics committee.

3. Results

A total of 274,524 patients were hospitalized with a diagnosis of CAP or NV-VAP in Spain during
the period 2016-2017. CAP was diagnosed in 257,455 cases (patients with BQ, 3.97%) and NV-HAP in
17,069 (patients with BQ, 2.07%).

3.1. Clinical Characteristics and in-Hospital Outcomes of Patients Hospitalized with CAP and NV-HAP
According to BQ Status

CAP was identified more frequently among men than women in both groups (60.65% and 58.89%
for BQ and non-BQ patients, respectively; p < 0.001). Overall, patients with BQ were significantly
older (75.47 years; SD = 13.67) than patients without BQ (68.63 years; SD = 24.47) and had significantly
fewer co-existing medical conditions (p < 0.001). Specifically, lower prevalence was recorded for
acute myocardial infarction (3.55% vs. 4.18%; p = 0.002), congestive heart failure (18.4% vs. 19.97%;
p < 0.001), cerebrovascular disease (5% vs. 6%; p < 0.001), type 2 diabetes mellitus (23.57% vs. 24.59%;
p =0.019), and cancer (7.17% vs. 8.23%; p < 0.001). In the case of dementia, hemiplegia or paraplegia,
and metastatic cancer, prevalence was two times lower (all p values < 0.001). However, the prevalence
of peripheral vascular disease, rheumatoid disease, and mild liver disease was significantly higher in
BQ patients (p < 0.001). A significantly lower percentage of BQ patients underwent surgery (2.09%)
compared to non-BQ patients (3.2%). Mean LOHS was higher in BQ patients (10.44 days vs. 9.30 days;
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p < 0.001). Crude IHM was significantly lower for BQ patients than for non-BQ patients (7.89% vs.
11.81%; p < 0.001) (Table 1).

NV-HAP was identified more frequently among men than among women in both populations
studied (68.36% and 63.31% for BQ and non-BQ patients, respectively; p = 0.049), and mean age was
significantly higher in those with BQ (72.44 vs. 65.83 years; p < 0.001). Prevalence values were higher
in BQ patients for congestive heart failure (29.66% vs. 22.43%; p = 0.001), rheumatoid disease (4.24% vs.
1.93%; p = 0.002), and mild liver disease (7.63% vs. 5%; p = 0.025), although they had a lower prevalence
of cerebrovascular disease (9.89% vs.13.53%; p = 0.047) and hemiplegia or paraplegia (1.69% vs. 4.88%;
p = 0.006). We found that BQ patients had undergone surgery significantly more frequently than
non-BQ patients (28.25% vs. 41.66%; p < 0.001). Crude IHM was 20.06% for BQ patients and 25.63% for
non-BQ patients (p = 0.017) (Table 1).

3.2. Distribution of Study Covariates Among Bronchiectasis and Non-Bronchiectasis Patients Hospitalized
with CAP and NV-HAP After PSM

Table 2 shows the characteristics of patients admitted with CAP and BQ and control patients
(non-BQ) after PSM. In patients with BQ), significantly higher frequencies were recorded for computed
axial tomography of the thorax (11.71% vs. 6.66%; p < 0.001), fiberoptic bronchoscopy (1.4% vs. 0.99%;
p = 0.007), and non-invasive mechanical ventilation (2.42% vs. 1.94%; p = 0.017). However, BQ patients
had lower rates of invasive mechanical ventilation (1.47% vs. 2%; p = 0.003) and pressure ulcers (1.22%
vs. 2.24%; p < 0.001).

The mean LOHS was 10.44 + 9.64 days among patients with BQ and 8.96 + 8.52 days among
matched controls (p < 0.001). After PSM, the IHM during admission for CAP was 7.89% in patients
with BQ and 10.67% in matched controls (p < 0.001) (Table 2).

Table S2 shows that the prevalence of all pneumonia pathogens in CAP, except for unspecified
Streptococcus species, was significantly higher among BQ patients after PSM. The most frequently
isolated microorganism was Streptococcus pneumoniae.

Comparison of BQ patients with matched controls who had an episode of NV-HAP after PSM
(Table 3) revealed higher frequencies of computed axial tomography of the thorax (0.17% vs. 0.1%;
p = 0.011). No significant differences were found regarding LOHS (27.05 days vs. 29.58 days; p = 0.321)
or IHM (20.06% vs. 25.42% p = 0.088).
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Table 1. Clinical characteristics and in-hospital outcomes of patients hospitalized with community-acquired pneumonia (CAP) and non-ventilator hospital-acquired

pneumonia (NV-HAP) in Spain (2016-17) according to the presence of concomitant bronchiectasis.

Community-Acquired Pneumonia

Non-Ventilator Hospital-Acquired

p-Value Pneumonia p-Value
Bronchiectasis No Bronchiectasis Bronchiectasis No Bronchiectasis

N 10,230 247,225 NA 354 16,715 NA
Female Sex, 11 (%) 4026 (39.35) 101,645 (41.11) <0.001 112 (31.64) 6133 (36.69) 0.049

Age, Mean (SD) 75.47 (13.67) 68.63 (24.47) <0.001 72.44 (18.82) 65.83 (24.18) <0.001

<40, 1 (%) 263 (2.57) 29,053 (11.75) <0.001 23 (6.5) 2051 (12.27) <0.001

40-64, 1 (%) 1369 (13.38) 42,856 (17.33) <0.001 50 (14.12) 3635 (21.75) <0.001

65-74, n (%) 2054 (20.08) 40,062 (16.2) <0.001 62 (17.51) 3273 (19.58) <0.001

>75, n (%) 6544 (63.97) 135,254 (54.71) <0.001 219 (61.86) 7756 (46.4) <0.001
Charlson Comorbidity Index, Mean (SD) 1.02 (0.99) 1.09 (1.07) <0.001 1.35 (1.13) 1.36 (1.15) 0.784
Acute Myocardial Infarction, 7 (%) 363 (3.55) 10,329 (4.18) 0.002 17 (4.8) 1099 (6.57) 0.182
Congestive Heart Failure, 1 (%) 1882 (18.4) 49,361 (19.97) <0.001 105 (29.66) 3750 (22.43) 0.001
Peripheral Vascular Disease, 1 (%) 678 (6.63) 11,743 (4.75) <0.001 27 (7.63) 1255 (7.51) 0.933
Cerebrovascular Disease, 1 (%) 512 (5) 14,826 (6) <0.001 35(9.89) 2262 (13.53) 0.047
Dementia, 11 (%) 498 (4.87) 21,165 (8.56) <0.001 17 (4.8) 921 (5.51) 0.563
Rheumatoid Disease, 1 (%) 397 (3.88) 5549 (2.24) <0.001 15 (4.24) 322 (1.93) 0.002
Peptic Ulcer, 1 (%) 48 (0.47) 1305 (0.53) 0.421 10 (2.82) 298 (1.78) 0.145
Mild Liver Disease, 1 (%) 546 (5.34) 10,736 (4.34) <0.001 27 (7.63) 835 (5) 0.025
Type 2 Diabetes Mellitus, 1 (%) 2411 (23.57) 60,783 (24.59) 0.019 91 (25.71) 3774 (22.58) 0.164
Hemiplegia or Paraplegia, n (%) 46 (0.45) 2042 (0.83) <0.001 6 (1.69) 815 (4.88) 0.006
Renal Disease, 11 (%) 1618 (15.82) 40,840 (16.52) 0.060 55 (15.54) 2795 (16.72) 0.554
Cancer, 1 (%) 734 (7.17) 20,342 (8.23) <0.001 35 (9.89) 2660 (15.91) 0.002
Moderate/Severe Liver Disease, 1 (%) 91 (0.89) 2233 (0.9) 0.886 10 (2.82) 520 (3.11) 0.759
Metastatic Cancer, 1 (%) 213 (2.08) 10,836 (4.38) <0.001 23 (6.5) 1394 (8.34) 0.214
AIDS, 1 (%) 106 (1.04) 2334 (0.94) 0.346 4(1.13) 105 (0.63) 0.241
Underwent Surgery, n (%) 214 (2.09) 7900 (3.2) <0.001 100 (28.25) 6964 (41.66) <0.001

Length of Hospital Stay, Mean (SD), 9.30 (7.38) 27.05 (25.66) 29.22 (27.16)

(Isg/ledian/lnt};r Quart}ille Range) 10.44 (9.64) (8/7) (7/6) <0.001 (20/24) (22/25) 0.327
In-Hospital Mortality, 1 (%). 807 (7.89) 29,185 (11.81) <0.001 71 (20.06) 4284 (25.63) 0.017
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Table 2. Distribution of study variables and hospital outcomes of patients with and without
bronchiectasis hospitalized with community-acquired pneumonia (CAP) in Spain (2016-17), after
propensity score matching.

Bronchiectasis No Bronchiectasis p-Value
Male Sex, 1 (%) 6204 (60.65) 6220 (60.8) 0.819
Female Sex, n (%) 4026 (39.35) 4010 (39.2) ’
Age, Mean (SD) 75.47 (13.67) 75.51 (14.33) 0.836
<40, n (%) 263 (2.57) 294 (2.87)
40-64, n (%) 1369 (13.38) 1423 (13.91) 0218
65-74, n (%) 2054 (20.08) 1972 (19.28) ’
>75, n (%) 6544 (63.97) 6541 (63.94)
Charlson Comorbidity Index, Mean (SD) 1.02 (0.99) 0.96 (0.92) <0.001
Acute Myocardial Infarction, 7 (%) 363 (3.55) 310 (3.03) 0.038
Congestive Heart Failure, n (%) 1882 (18.4) 1801 (17.61) 0.140
Peripheral Vascular Disease, 1 (%) 678 (6.63) 565 (5.52) 0.001
Cerebrovascular Disease, 1 (%) 512 (5) 434 (4.24) 0.009
Dementia, n (%) 498 (4.87) 511 (5) 0.675
Rheumatoid Disease, 1 (%) 397 (3.88) 288 (2.82) <0.001
Peptic Ulcer, 1 (%) 48 (0.47) 33 (0.32) 0.095
Mild Liver Disease, 1 (%) 546 (5.34) 478 (4.67) 0.029
Type 2 Diabetes Mellitus, n (%) 2411 (23.57) 2363 (23.1) 0.428
Hemiplegia or Paraplegia, 1 (%) 46 (0.45) 48 (0.47) 0.836
Renal Disease, 1 (%) 1618 (15.82) 1497 (14.63) 0.019
Cancer, 1 (%) 734 (7.17) 724 (7.08) 0.786
Moderate/Severe Liver Disease, 1 (%) 91 (0.89) 61 (0.6) 0.015
Metastatic Cancer, 1 (%) 213 (2.08) 214 (2.09) 0.961
AIDS, 1 (%) 106 (1.04) 92 (0.9) 0.317
Underwent Surgery, n (%) 214 (2.09) 192 (1.88) 0.270
Computerized Axial Tomography of 1198 (11.71) 681 (6.66) <0.001
Thorax, n (%) ’ ’ ’
Bronchial Fibroscopy, 1 (%) 143 (1.4) 101 (0.99) 0.007
Non-Invasive Mechanical Ventilation, 1 (%) 248 (2.42) 198 (1.94) 0.017
Invasive Mechanical ventilation, 1 (%) 150 (1.47) 205 (2) 0.003
Dialysis, 1 (%) 64 (0.63) 87 (0.85) 0.060
Pressure Ulcer, 1 (%) 125 (1.22) 229 (2.24) <0.001
Length of Hospital Stay, Mean (SD) 10.44 (9.64) 8.96 (8.52) <0.001
(Median/Inter Quartile Range) (8/7) (7/7) ’
In-Hospital Mortality, n (%) 807 (7.89) 1092 (10.67) <0.001

Table 3. Distribution of study variables and hospital outcomes of patients with and without
bronchiectasis hospitalized with non-ventilator hospital-acquired pneumonia (NV-HAP) in Spain
(2016-17), after propensity score matching.

Bronchiectasis No Bronchiectasis p-Value
Male Sex, n (%) 242 (68.36) 245 (69.21) 0.808
Female Sex, n (%) 112 (31.64) 109 (30.79) )
Age, Mean (SD) 72.44 (18.82) 72.81 (17.99) 0.786
<40, n (%) 23 (6.5) 17 (4.8)
40-64, n (%) 50 (14.12) 58 (16.38) 0.462
65-74, n (%) 62 (17.51) 72 (20.34) ’
>75,n (%) 219 (61.86) 207 (58.47)
Charlson Comorbidity Index, Mean (SD) 1.35 (1.13) 1.21 (1.08) 0.111
Acute Myocardial Infarction, n (%) 17 (4.8) 12 (3.39) 0.343
Congestive Heart Failure, n (%) 105 (29.66) 102 (28.81) 0.804
Peripheral Vascular Disease, 1 (%) 27 (7.63) 23 (6.5) 0.557
Cerebrovascular Disease, 1 (%) 35(9.89) 31 (8.76) 0.605
Dementia, 1 (%) 17 (4.8) 14 (3.95) 0.582

Rheumatoid Disease, 1 (%) 15 (4.24) 10 (2.82) 0.309
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Bronchiectasis No Bronchiectasis p-Value
Peptic Ulcer, n (%) 10 (2.82) 7 (1.98) 0.461
Mild Liver Disease, 1 (%) 27 (7.63) 18 (5.08) 0.166
Type 2 Diabetes Mellitus, n (%) 91 (25.71) 89 (25.14) 0.863
Hemiplegia or Paraplegia, 1 (%) 6 (1.69) 4(1.13) 0.524
Renal Disease, 1 (%) 55 (15.54) 53 (14.97) 0.834
Cancer, 1 (%) 35 (9.89) 32 (9.04) 0.700
Moderate/Severe Liver Disease, 1 (%) 10 (2.82) 10 (2.82) 0.999
Metastatic Cancer, 1 (%) 23 (6.5) 19 (5.37) 0.525
AIDS, n (%) 4 (1.13) 6 (1.69) 0.524
Underwent Surgery, 1 (%) 100 (28.25) 102 (28.81) 0.868
Computerized Axial Tomography of
Thorax, 7 (%) 59 (0.17) 36 (0.1) 0.011
Bronchial Fibroscopy, 1 (%) 9 (0.03) 4(0.01) 0.162
Non-Invasive Mechanical Ventilation, n (%) 20 (0.06) 10 (0.03) 0.062
Invasive Mechanical Ventilation, 1 (%) 40 (0.11) 46 (0.13) 0.490
Dialysis, 1 (%) 6 (0.02) 11 (0.03) 0.220
Pressure Ulcer, n (%) 16 (0.05) 22 (0.06) 0.317
Length of Hospital Stay, Mean (SD) 27.05 (25.66) 29.58 (28.69) 0321
(Median/Inter Quartile Range) (20/24) (22/25) ’
In-Hospital Mortality, n (%) 71 (20.06) 90 (25.42) 0.088

As shown in Table S2, the prevalence of P. aeruginosa was higher among BQ patients with NV-VAP
than among non-BQ patients (0.07% vs. 0.03%; p = 0.028).

3.3. Multivariable Logistic Regression Analysis of the Factors Associated with IHM Among

Bronchiectasis Patients

Table 4 shows the result of the multivariable logistic regression analysis of the factors independently
associated with IHM after CAP and NV-HAP among bronchiectasis patients.

Table 4. Multivariable analysis of factors associated with in-hospital mortality during admissions for

community-acquired pneumonia (CAP) and non-ventilator hospital-acquired pneumonia (NV-HAP)

among patients with bronchiectasis.

CAP

NV-HAP

OR (95% CI)

OR (95% CI)

Male Sex
<40 Years Old
40-64 Years Old
65-74 Years Old
>75 Years Old
Congestive Heart Failure
Dementia
Cancer
Moderate/Severe Liver Disease
Metastatic Cancer
Non-Invasive Mechanical Ventilation
Invasive Mechanical Ventilation
Dialysis
Pressure Ulcers
Streptococcus pneumoniae
Haemophilus influenzae
Underwent Surgery

1.09 (0.93-1.28)
1
1.51 (0.52-4.37)
2.82 (1.01-7.89)
6.98 (2.53-19.25)
1.71 (1.45-2.02)
1.79 (1.37-2.34)
1.53 (1.18-1.99)
2.26 (1.14-4.49)
4.96 (3.46-7.1)
2.29 (1.6-3.26)
5.91 (3.71-9.4)
2.44 (1.26-4.72)
3.1 (2.01-4.76)
0.66 (0.48-0.92)
0.09 (0.01-0.61)
1.66 (1.1-2.49)

1.16 (0.63-2.12)
1

0.22 (0.08-0.64)
0.72 (0.35-1.49)

2.87 (1.08-7.61)

2.64 (1.14-6.1)
9.74 (1.33-71.29)
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Older age was associated with IHM in patients with CAP (vs. <40 years old, OR, 2.82; 95%
CI, 1.01-7.89 for 65-74 years and OR, 6.98; 95% CI, 2.53-19.25 for >75 years). However, older age
was associated with lower mortality in patients with NV-VAP (vs. <40 years old; OR, 0.22; 95% CI,
0.08-0.64).

The presence of metastatic cancer increased the probability of death in patients with CAP
and NV-HAP. Invasive mechanical ventilation and dialysis were also associated with IHM in patients
with CAP and NV-HAP.

In patients with CAP, the risk of death increased with the presence of congestive heart failure,
dementia, cancer, and moderate or severe liver disease. Furthermore, patients with pressure ulcers
who had undergone surgery had a high risk of IHM. However, patients with a code for S. pneumoniae
and H. influenzae were also associated with lower mortality.

3.4. Sensitivity Analysis

Shown in Table S3 are the results of the multivariable logistic regression model using the entire
database to assess the effects of BQ on the IHM among patients with CAP and NV-HAP. As can be seen,
patients with a diagnosis of BQ and CAP had a lower probability of dying during their hospitalization
than patients without BQ (OR 0.88; 95% CI 0.81-0.95).

4. Discussion

In the present study, we observed BQ in 3.97% of patients admitted with CAP and in 2.07% of
those admitted with NV-HAP. However, the real prevalence of BQ) in patients with pneumonia has
not been studied in depth, and the results obtained to date are disparate, ranging from 3% to 24.6%,
depending on the series analyzed [12,14,33-35]. These differences in the results can be explained in part
by differences in method, patient characteristics, and diagnostic criteria. Polverino et al. [14] studied
3731 patients with CAP and reported BQ in 124 cases, with the diagnosis confirmed by high-resolution
computed tomography in 111 (3%). In this study, as in ours, BQ patients were older, although, in
contrast to our findings, CAP associated with BQ was more common in women and patients with more
comorbid conditions. These discrepant results could be due to differences in the design of each study;
therefore, it would be interesting to have wider-ranging studies based on similar methods that would
enable us to analyze the epidemiological characteristics of patients and to compare them with data
obtained in other countries.

The mean length of hospital stay of patients admitted with CAP was significantly greater in
those who had BQ than in those who did not. BQ has been considered a risk factor for the presence
of pathogens that are potentially resistant to antibiotics, such as P. aeruginosa [16—18]. The presence
of BQ could lead to more frequent failures of initial empirical antibiotic therapy and more days of
intravenous treatment, thus increasing hospital stay and associated costs. Regarding this point, a study
by Scioscia et al. has seen how the microbiological isolation of P. aeruginosa is associated with the need
for a longer cycle of antibiotic therapy even during exacerbations of BQ [36].

In-hospital mortality was lower in cases with CAP and BQ even though the patients were
older, probably owing to the lower percentage of comorbidities in the group with BQ. No significant
differences were observed with respect to comorbidities and IHM in NV-HAP when the presence of
BQ was taken into account. However, Parrot et al. [15] found that the mortality of patients with HAP
was associated with lung cancer and BQ.

Patients with BQ generally had to undergo more diagnostic procedures (computed tomography
and fiberoptic bronchoscopy) than non-BQ patients, for various reasons. First, computed tomography
is the diagnostic method of choice for BQ. In addition, the possibility of hemoptysis or processes
requiring respiratory samples would probably be greater in these cases than in those where the patient
did not have BQ. No differences were detected with respect to invasive ventilation. Non-invasive
mechanical ventilation was used more frequently in patients with CAP and BQ), with no differences
found in the case of the NV-HAP patients. Admission to the intensive care unit is uncommon in
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patients with BQ, although data in this area are lacking [37,38]. Nevertheless, the frequency of such
admissions is increasing, as reflected in the study by Navaratnam et al. [38], who recorded an annual
8% increase in admissions to the intensive care unit for patients with BQ.

With respect to microbiology results, pathogens were isolated more frequently in patients with
CAP and BQ than in those without BQ. The most common causal agent was S. pneumoniae, followed
by P. aeruginosa. These results are similar to those observed in previous studies, such as that by
Polverino et al. [14], who evaluated the characteristics of exacerbations of BQ with emphasis on
the presence of pneumonia. The authors found that the main causal agents of exacerbations of BQ in
patients with and without pneumonia were S. pneumoniae and P. aeruginosa, respectively. In the case
of NV-HAP, P. aeruginosa—but not other pathogens—was highly frequent in the group with BQ. P.
aeruginosa is clearly the most relevant pathogen in patients with BQ of any cause owing to its role
in the prognosis of affected patients [39—41]. These data reinforce the importance of carrying out
appropriate microbiology testing in patients with BQ and pneumonia, irrespective of severity or
place of acquisition, in order to identify causal agents that are potentially resistant to the standard
antibiotic regimens recommended for these processes and to reduce the number of therapeutic failures.
Nevertheless, more studies are needed to better determine optimal diagnostic and treatment procedures
in this subgroup of patients.

The determinants of greater mortality in patients with CAP and BQ were age, comorbidity
(congestive heart failure, dementia, cancer, liver disease, metastasis, dialysis, and surgery), pressure
ulcers, and mechanical ventilation. Isolation of S. pneumoniae and H. influenzae were considered
protective factors. Given that all clinical guidelines and regulations recommend starting empirical
treatment that always covers S. pneumoniae and H. influenzae, the percentage of initial therapeutic
failures will probably be smaller when these pathogens are the causal microorganisms. In cases of
NV-HAP and BQ, the factors associated with increased IHM were an age range of 65-74 years, dialysis,
metastasis, and invasive mechanical ventilation. Few studies evaluate general mortality indices in
patients with BQ [32,33]. Particularly noteworthy is the study by Roberts et al. [42], who recorded 5700
deaths from BQ in England and Wales between 2001 and 2007, with an annual 3% increase in mortality
owing to BQ. This important finding should lead us to think that the prognosis of BQ is not trivial but
that associated mortality could be increasing.

The main strength of our study lies in its large sample size and standardized methodology,
which remained constant throughout the study period. Furthermore, we have used a PSM method
to make two initially different populations comparable and obtained results similar to those found
in a sensitivity analysis using the entire population. Nevertheless, our study is subject to a series of
limitations that should be taken into consideration when interpreting the results. First, a potential
source of bias lies in the use of ICD-10 codes to identify patients hospitalized for BQ. Unfortunately,
the validity of the BQ diagnosis using ICD-10 codes has not been assessed in the RAE-CMBD. Therefore,
we are unable to confirm that the diagnosis of BQ in the discharge records is accurate. We did not
have access to computerized axial tomography of thorax data and therefore cannot be sure that in
each recorded case of BQ the diagnosis was attained according to current guidelines. However, other
authors have suggested that as the diagnosis is usually made in a secondary care setting and requires
a computerized axial tomography of thorax, it is unlikely that a diagnosis of BQ would be recorded
by the discharging physician without confirmation from secondary care. [43,44] Our operational
definitions for BQ have been utilized in other published studies [33,45-47] but to our knowledge
have not been formally validated against a “gold standard” and thus their accuracy is still unknown.
Secondly, the RAE-CMBD does not collect information on the type or duration of antibiotic therapy
performed, and this certainly determines the patient’s outcome. Thirdly, we did not have data on
the severity of the BQ, as this information is not collected in the database, and it can also influence
the patient’s outcome. Finally, as we lack results of radiology and other clinical data, it is not possible to
distinguish between admissions for CAP/NV-HAP and BQ versus those admitted for BQ exacerbations.
However, in the database we have found that the code for BQ exacerbations (J47.1) was present in only
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337 (3.29%) of patients with BQ and CAP and in 11 (3.11%) patients with BQ and NV-HAP. Therefore,
in our opinion, if there is a codification error between BQ exacerbations and pneumonia, this would
be of a small magnitude and unlikely to affect our conclusions. Furthermore, previous studies using
administrative data have demonstrated the validity of pneumonia diagnosis when compared with
clinical data [48,49].

Despite these limitations, the RAE-CMBD discharge has the advantage of being mandated by
the National Public Health System and includes almost 100% of admissions in Spain. In addition, given
that Spain is a large country with a public health system providing full, free-of-charge medical services
to the entire population, patients come from a variety of socioeconomic categories, thus improving
the external validity of the current results.

5. Conclusions

Patients with CAP and BQ have less comorbidity, lower IHM, and a longer mean length of stay
than non-BQ patients. However, they had a higher number of isolated microorganisms, including
Pseudomonas aeruginosa. In patients with BQ and NV-HAP, no differences were observed with respect
to comorbidity, in-hospital mortality, or mean length of stay, but these patients had a greater frequency
of infection by P. aeruginosa than non-BQ patients. Predictors of IHM for both types of pneumonia
among BQ patients included dialysis and invasive ventilation. Nevertheless, more studies with more
accurate methodological approaches will be necessary before we can confirm our findings and further
characterize this subgroup of patients.
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patients with and without bronchiectasis.
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DISCUSION

4. DISCUSION

Esta tesis doctoral incluye cuatro trabajos originales. Todos son estudios
observacionales y retrospectivos que aportan datos epidemioldgicos sobre las
hospitalizaciones por BQ en Espafia a lo largo del tiempo y su influencia en otras
patologias respiratorias de elevada prevalencia e impacto sanitario como la EPOC, el

asma y las neumonias.

A continuacion se desarrolla la discusion de los cuatro articulos de forma conjunta
y, posteriormente, se hablara de la metodologia del proyecto, incidiendo en las principales

fortalezas y limitaciones del trabajo.

4.1. Discusion global de los proyectos

Durante el periodo estudiado, observamos un incremento significativo en la tasa
de ingresos por BQ cuando éstas figuraban como diagnostico secundario, a diferencia de
cuando constituian el diagndstico principal. En conjunto, se documento una incidencia de
15,53 ingresos por 100.000 habitantes para los casos de BQ como diagnostico principal
y de 46,48 ingresos por 100.000 habitantes para los ingresos con BQ como diagndstico
secundario. En relacion al aumento de incidencia de hospitalizaciones en pacientes con
BQ como diagnostico principal, el analisis de joinpoint revel6 un cambio porcentual anual
de 0,4% para ambos sexos, no siendo la diferencia significativa. En los pacientes con BQ
como diagndstico secundario, el cambio porcentual anual fue mayor para las mujeres
(6,06%) que para los hombres (4,61%), siendo significativa para ambos sexos (p<0.05).
Este incremento en la incidencia a lo largo de los afios también ha sido observado en

estudios llevados a cabo en otros paises'®1%?!, Sin embargo, las tasas de hospitalizacion
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ofrecen resultados menos uniformes. Asi, mientras que en EEUU fueron de 16,5 ingresos
por 100.000 habitantes'®, y en Hong Kong de 16,4 por 100.000 habitantes®; en Alemania,
la tasa anual de ingresos cuando las BQ eran el diagnostico principal descendia hasta 1,8
por 100.000 habitantes y, cuando las BQ eran diagnostico principal o secundario,
aumentaba a 9,4 por 100.000 habitantes?'. El incremento observado en el nimero de
hospitalizaciones relacionadas con BQ podria implicar que ha habido un aumento en la
prevalencia real de las mismas. Sin embargo, también podria explicarse por otros
motivos, fundamentalmente la implementacion de las técnicas de alta resolucion de la
TC, que han permitido diagnosticar formas menos graves o mas silentes, que en otro
tiempo hubieran pasado desapercibidas o hubieran sido diagnosticadas erroneamente

como EPOC o como asma.

Independientemente de si las BQ eran el motivo fundamental del ingreso o no,
esta patologia fue mas frecuente en varones, en contraste con los datos recogidos hasta la
fecha en trabajos previos, donde la frecuencia era mayor en mujeres'®1%21, No obstante,
se apreciaba una tendencia a disminuir en los hombres a lo largo del tiempo. Teniendo en
cuenta que hay una mayor prevalencia de tabaquismo y EPOC en varones, el hecho de
que los ingresos con EPOC y BQ fueran muy frecuentes puede explicar en parte este

resultado.

Al igual que en otros estudios, la incidencia aumentaba de forma significativa con
la edad, aunque el porcentaje de casos disminuia con el tiempo en todos los grupos,

excepto en los mayors de 80 afios, donde la proporcidn se elevaba de forma significativa.

En nuestro trabajo, el diagndstico secundario mas frecuente cuando las BQ
constituian el motivo fundamental de ingreso fue la infeccion por Pseudomonas

aeruginosa, diferente a lo publicado en otros estudios, como el de Seitz et al*®, en el que
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el diagndstico secundario mas frecuente fue la hemoptisis, seguido de la infeccion por

Pseudomonas y la EPOC.

Al igual que en Alemania?!, el diagndstico principal, cuando las BQ constituian
un diagnostico secundario, fue la EPOC, descrito hasta en un 11,3% de los casos. La
asociacion entre BQ y EPOC se ha puesto de relieve hace poco mas de una década, y es
cada vez més estudiada®”#. Se ha observado que la prevalencia de las BQ diagndsticadas
mediante TC se encuentra en torno al 50% en la EPOC moderada-grave®®-°1, Asi mismo,
en un trabajo llevado a cabo por Martinez-Garcia et al*®, se intentaron analizar cliales eran
los factores de riesgo para desarrollar BQ en un grupo de pacientes con EPOC moderada-
grave, siendo la presencia de obstruccion severa al flujo aéreo, un cultivo de esputo
positivo para un MPP y presenter un ingreso por exacerbacion en el afio previo, los
principales factores relacionados. Es importante tener en cuenta este nexo entre EPOC y
BQ en la practica clinica diaria, ya que la presencia de las mismas en los pacientes con

EPOC implica un manejo terapéutico especifico y ensombrece el prondstico.

El asma bronquial como diagnostico secundario fue menos frecuente. En teoria,
el diagndstico de asma puede tanto preceder como seguir al de BQ. La obstruccion de las
vias respiratorias por tapones mucosos y la disminucion del aclaramiento mucociliar en
pacientes asmaticos favorece el desarrollo de las infecciones respiratorias de repeticion,
predisponiendo asi a la aparicion de lesiones en el arbol bronquial, que se pueden
perpetuar. Por otro lado, las vias respiratorias ectasicas favorecen la aparicién de
hiperreactividad bronquial®2. En otros estudios, se ha encontrado una mayor incidencia

de asma en pacientes con BQ®.

En este trabajo se evalu6 también la presencia de BQ en los ingresos hospitalarios

por las patologias de las vias aéreas mas prevalentes, encontrando la presencia de las
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mismas en el 5% de las hospitalizaciones por exacerbacion de EPOC, en el 3% de los
ingresos por exacerbacion de asma bronquial, en el 4% de los ingresos por neumonia
adquirida en la comunidad y en el 2% de las neumonias intrahospitalarias no asociadas a
la ventilacion mecénica. En todos ellos, las BQ eran mas frecuentes en los varones y en
los ancianos, excepto en el caso de las hospitalizaciones por asma, donde las BQ eran mas

frecuentes en las mujeres.

La frecuencia de BQ asociadas a EPOC que se ha documentado en estudios
previos ofrece resultados muy dispares, que oscilan entre el 4 y el 72%°%%, Esta amplia
variabilidad puede explicarse, al menos en parte, por la diferente metodologia de los
estudios, las caracteristicas de los pacientes incluidos o los criterios diagndsticos
empleados. Cabe destacar un meta-analisis llevado a cabo por Yingmeng et al**, en el que
se encontro una prevalencia de BQ en la EPOC del 54,3%. En dicho trabajo, los pacientes
debian cumplir el diagnostico de EPOC segun los criterios de la normativa GOLD* y el
diagnostico de BQ debia estar confirmado mediante TC. Al igual que en nuestro estudio,

los pacientes con EPOC y BQ tenian mayor edad y eran mas frecuentemente hombres.

La prevalencia de las BQ en el asma también ha sido analizada, con resultados
igualmente heterogéneos, que fluctuan desde el 2 al 80%, segtn la metodologia empleada.
Se han hallado valores similares al nuestro en otros trabajos®®%: En el estudio llevado a
cabo por Kang et al, revisaron 2.270 casos de asma, encontrdndose la presencia de BQ en
el 2,2%. De igual forma, en el trabajo de Oguzulgen et al, se estudiaron 1.680 pacientes
asmaticos, observandose una prevalencia para las BQ del 3%. Es importante, a la hora de
valorar estos resultados, tener en cuenta que no se realizé TC a todos los pacientes, lo
cual podria contribuir a infraestimar el diagndstico. En un trabajo con metodologia similar
a este, llevado a cabo por Xie et al*’, se analizaron los ingresos por asma bronquial de
acuerdo con la presencia o no de BQ, detectdndose la presencia de las mismas en un
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19,7% de los casos. La prevalencia de BQ en el asma es mayor en aquellos trabajos en
los que se ha realizado una TC de alta resolucion a todos los pacientes®®%3%, No obstante,
cabe destacar que estos estudios se han efectuado en pacientes con asma grave 0 no

controlada, donde parece ser mas frecuente la presencia de BQ.

La prevalencia real de las BQ en los pacientes con neumonia no ha sido estudiada
en profundidad y los resultados en este caso también varian, desde el 3 al 24.6%821.66,
segun las series analizadas y la metodologia empleada. En el trabajo de Polverino et al®®
se estudiarion 3.731 pacientes con neumonia adquirida en la comunidad, describiéndose
la existencia de BQ en 124 casos y confirmandose dicho diagndstico en 111 (3%),
mediante la realizacion de una TCAR. En este trabajo, al igual que en el nuestro, los
pacientes con BQ eran mas mayores; sin embargo, las neumonias asociadas a BQ eran
mas frecuentes en mujeres y en pacientes con mayor comorbilidad, a diferencia de lo
observado por nosotros. Probablemente, los distintos resultados puedan deberse a las
diferencias en cuanto al disefio del estudio, por lo que seria de interés disponer de estudios
mas amplios y con metodologias similares, que nos permitieran analizar las caracteristicas

epidemioldgicas de estos pacientes y compararlas con los datos obtenidos en otros paises.

La comorbilidad en los ingresos por BQ, medida por el indice de Charlson,
aumentaba a lo largo de los afios, lo que parece razonable y acorde con el ascenso en la
edad media de los pacientes ingresados por BQ. Por otro lado, en las hospitalizaciones
por exaceracion de EPOC, por agudizacion de asma o por neumonia, la presencia de BQ
se relacionaba con una menor comorbilidad, excepto en los casos de crisis asmaticas, en
los que la comorbilidad fue mas elevada en el subgrupo con BQ concomitantes. En el
caso de la EPOC, estos resultados no se corresponden con lo observado en otros estudios,
en los que se ha encontrado una relacion entre la presencia de BQ en la EPOC con un
menor indice de masa corporal y un mayor nimero de comorbilidades®.
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Desde el punto de vista microbioldgico, se incrementd el nimero de casos en los
que se documentaba la infeccién por Pseudomonas aeruginosa a lo largo del periodo
estudiado. Probablemente esto no signifique que exista un aumento real en el nimero de
infecciones por Pseudomonas, sino méas bien una mayor conciencia de la importancia de
este microorganismo, dadas las implicaciones tanto en el pronostico como en el
tratamiento que puede conllevar su presencia**'®, A su vez, el aislamiento de
Pseudomonas aeruginosa en las hospitalizaciones por EPOC, asma o neumonias fue
siempre mas frecuente cuando estas patologias asociaban BQ. En este sentido, la
asociacion entre la presencia de MPP, particularmente Pseudomonas aeruginosa, y la
existencia de BQ en los pacientes con asma 0 EPOC, ha sido descrita con anterioridad en
estudios previos® 19119 En el caso de las neumonias, se observé una mayor frecuencia
de aislamientos microbiologicos en los pacientes con neumonia adquirida en la
comunidad y BQ frente a aquellos sin BQ. El agente causal méas frecuente fue
Streptococcus pneumoniae, seguido de Pseudomonas aeruginosa. Estos resultados son
similares a los observados en trabajos previos, como en el de Polverino et al®®, en el que
se evaluaron las caracteristicas de las exacerbaciones de BQ atendiendo a la presencia de
neumonia. En dicho estudio los principales agentes causales de las exacerbaciones de BQ
con y sin neumonia fueron Streptococcus pneumoniae y Pseudomonas aeruginosa
respectivamente. En las neumonias intrahospitalarias no asociadas al ventilador, se
identificd con mayor frecuencia la presencia de Pseudomonas aeruginosa en el grupo con
BQ, pero no de otros patdgenos. Es evidente que Pseudomonas aeruginosa constituye el
patdgeno mas relevante en los pacientes con BQ de cualquier etiologia, por la influencia
que tiene en el pronostico de estos pacientes?>!%, Todos estos datos deben reforzar la
importancia de llevar a cabo una adecuada investigacion microbioldgica en los pacientes

con BQ, con el fin de identificar posibles agentes causales resistentes a las pautas
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habituales de tratamiento antibidtico recomendadas y reducir el nimero de fracasos
terapéuticos. No obstante, se necesitan mas estudios en este sentido para documentar
mejor los procedimientos diagnosticos y de tratamiento mas recomendables en estos

subgrupos de pacientes.

La estancia media disminuye durante el periodo estudiado, tanto para las BQ como
causa fundamental del ingreso, como para las BQ como diagnéstico secundario, lo que
parece razonable y acorde con la trayectoria habitual de la mayor parte de las patologias
respiratorias, en las que la estancia media tiende a reducirse hoy en dia. Sin embargo, el
coste de la hospitalizacion, disminuye solo en el grupo de BQ como diagndstico principal,
aumentando en el segundo. Este incremento en el coste cuando las BQ son un diagnostico
secundario, podria guardar relacién con el tipo de patologia y con la gravedad del
diangostico principal en cada caso. Como se ha comentado anteriormente, uno de los
principales motivos de ingreso, cuando las BQ son un diagnostico secundario, es la
EPOC. Generalmente estos pacientes van a presentar una enfermedad mas evolucionada
y en estadios més graves, lo que contribuiria a un mayor consumo de recursos y, por tanto,
a un aumento del gasto sanitario. Existen pocos trabajos que analicen la carga econémica
que suponen las BQ>?*2?5 aunque los datos disponibles hasta el momento parecen indicar
que suponen un gasto sanitaria significativo, aunque poco apreciado hasta la fecha por
los servicios de salud. Tanto en las exacerbaciones de EPOC como en las agudizaciones
asmaticas, la estancia media, el coste y el nimero de reingresos fue superior en los
pacientes con BQ en comparacion con aquellos sin esta enfermedad. En el caso de la
neumonia adquirida en la comunidad, la estancia media también fue significativamente
mayor en el subgrupo con BQ, no habiendose analizado el coste ni los reingresos. Las
BQ se han considerado un factor de riesgo para la presencia de patdgenos potencialmente

resistentes a antibidticos, como es el caso de Pseudomonas aeruginosa®®°. Su presencia
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podria favorecer una mayor frecuencia de fracasos en el tratamiento antibiotico empirico
inicial y un mayor numero de dias de tratamiento intravenoso, lo que se traduciria en un

aumento del tiempo de estancia hospitalaria y del coste de la misma.

Dentro del estudio, se investigd la realizacion durante el ingreso de dos
procedimientos diagndsticos, la TC torécica y la broncoscopia, observando un aumento
de los TC y un descenso de las fibrobroncoscopias llevadas a cabo a lo largo de los afios.
No obstante, al observar los ingresos por EPOC, asma 0 neumonias, ambas pruebas
diagndsticas fueron significativamente mas frecuentes cuando dichas patologias tenian
BQ asociadas. Entre las razones que pueden justificar estos resultados se encuentra, en
primer lugar, el hecho de que la TC es el método de eleccidn para el diagnostico de las
BQ v, en segundo lugar, la mayor posibilidad de aparicion de hemoptisis o de procesos
infecciosos que requieran la recogida muestras respiratorias en estos casos, en

comparacion con aquellos en los que no hay BQ asociadas.

En cuanto al empleo de ventilacién mecénica, disminuye la ventilaciébn mecéanica
invasiva a lo largo del tiempo y, paralelamente a este hecho, aumenta la utilizacion de la
ventilacion mecénica no invasiva. Tanto en las exacerbaciones de EPOC como en las de
asma, la ventilacién invasiva fue mas frecuente en aquellos sin BQ. La mayor edad y la
peor funcion pulmonar de los pacientes con BQ puede contribuir a que, en algunos casos,
se establezca la ventilacion no invasiva como techo terapéutico, descartandose un manejo
mas agresivo. La ventilacion no invasiva fue més frecuente en las exacerbaciones de asma
y en los casos de neumonia adquirida en la comunidad que asociaban BQ, no encontrando
diferencias significativas en las exacerbaciones de EPOC. Los ingresos en una unidad de
cuidados intensivos (UCI) son poco comunes en los pacientes con BQ y existe escasa

literatura al respecto'®’1%  No obstante, su frecuencia esta en aumento, como se refleja
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en el estudio llevado a cabo por Navaratnam et al*, en el que se observé un incremento
anual de los ingresos en la UCI de un 8% para los pacientes con BQ.

Al igual que en otros estudios®, la mortalidad intrahospitalaria para las BQ fue
baja y present una tendencia a disminuir a lo largo de los afios. Los factores relacionados
con el aumento del riesgo de muerte intrahospitalaria fueron: la edad, el sexo masculino,
el hecho de ser no fumador, la infeccion por Pseudomonas aeruginosa y un indice de
comorbilidad de Charlson aumentado. El hecho de que no fumar se relacione con un
mayor riesgo de mortalidad intrahospitalaria puede llevar a confusion. Sin embargo,
podria explicarse teniendo en cuenta que los pacientes mas graves o con patologias mas
evolucionadas, son los que generalmente han abandonado el habito tabaquico o nunca
han llegado a fumar, precisamente por la gravedad de su proceso de base. En cualquier
caso, los datos disponibles hasta la fecha parecen indicar que la mortalidad

intrahospitalaria es baja.

En nuestro andlisis, la mortalidad intrahospitalaria dentro de las exacerbaciones
de EPOC fue menor en el subgrupo con BQ. Sin embargo, en estudios previos se ha
observado que el riesgo de mortalidad en la EPOC se incrementa de forma significativa
en presencia de las mismas®>!921% Es posible que, debido a su mayor riesgo, los
pacientes con EPOC y BQ pueden buscar atencion médica antes, ser ingresados en el
hospital con una menor gravedad y recibir mas atencion de los médicos, lo que podria
justificar los resultados encontrados en nuestro estudio. No obstante, en otros dos
trabajos, uno realizado sobre 406 pacientes con EPOC con exacerbacion grave® y otro
sobre 338 pacientes sin exacerbaciones previas'®, no se ha encontrado relacion entre la
presencia de BQ y un aumento de la mortalidad. Un razonamiento similar se pude atribuir
a lo observado en los ingresos por neumonias, en los que la mortalidad fue menor en los

grupos con BQ concomitantes. Sin embargo, en el caso de las exacerbaciones de asma
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bronquial, la mortalidad intrahospitalaria fue mayor en aquellos que tenian BQ, lo que
parece ldogico, al tratarse de pacientes generalmente  con enfermedades mas
evolucionadas, con mayor comorbilidad y de mayor edad.

Al analizar los factores relacionados con la mortalidad en los ingresos por EPOC,
asma y neumonias cuando asociaban BQ, encontramos bastantes similitudes. En las tres
patologias la edad, la comorbilidad y el empleo de la ventilaciébn mecanica resultaron
factores relacionados con una mayor mortalidad. En el caso de los pacientes con EPOC y
BQ, los reingresos y la presencia de Pseudomonas aeruginosa también se asociaron a una
mayor mortalidad. En los pacientes asmaticos, se afiaden a las variables mencionadas
anteriormente los reingresos y la infeccion por Aspergillus, como factores predictores de
mayor mortalidad. En los ingresos por neumonia adquirida en la comunidad, otro factor
determinante de mayor mortalidad fue la presencia de Ulceras por presion. A su vez, el
empleo de TC y el aislamiento de Streptococcus pneumoniae o Haemophilus influenzae
se mostraron como factores protectores.Teniendo en cuenta que en todas las normativas
y guias clinicas se recomienda iniciar un tratamiento empirico que cubra siempre
Streptococcus pneumoniae y, por afiadidura, Haemophilus influenzae; es probable que el
porcentaje de fracasos terapéuticos iniciales sea menor cuando estos patdgenos son los
microorganismos causales. En los casos de neumonias intrahospitalarias no asociadas a
la ventilacion, los factores relacionados con un aumento en la mortalidad fueron el rango
de edad entre 65 y 74 afios, la didlisis, la presencia de metastasis y el empleo de

ventilacion mecanica invasiva.

Existen pocos trabajos que evaluen los indices de mortalidad generales en los
pacientes con BQ?2. Cabe destacar el trabajo llevado a cabo por Roberts et al?, en el que
recogen 5.700 fallecimientos por BQ en Gales e Inglaterra durante el periodo

comprendido entre 2001 y 2007, observandose un incremento en la mortalidad debida a
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BQ en la poblacién, a un ritmo de un 3% anual. Estos resultados deben hacernos pensar
que el prondstico de esta patologia no es banal, sino que su mortalidad podria ir en
aumento. Por ello, resulta necesario tener siempre en mente esta entidad dentro del
diagnostico diferencial cuando abordamos un paciente que consulta por un problema
respiratorio.

En el caso de los ingresos por exacerbacion de EPOC y de asma bronquial con
BQ, se evaluron las diferencias por género. En el caso de los pacientes con EPOC con
BQ, nuestro estudio evidencid que la gran mayoria de las exacerbaciones ocurrieron en
hombres (mas del 85%). Sin embargo, otros trabajos han descrito que las mujeres pueden
ser mas susceptibles a las exacerbaciones!'®. Esta discrepancia de género también ha sido
descrita por otros autores!''. Ademas, observamos varias diferencias entre hombres y
mujeres. En el caso de los hombres, hubo un aumento a lo largo del tiempo de la
prevalencia, la edad, la comorbilidad, el nimero de TC de térax realizados y el porcentaje
de aislamiento de Pseudomonas aeruginosa. Las comorbilidades también fueron
aumentando con el tiempo en las mujeres, pero la edad media tendid a disminuir y no se
observaron diferencias significativas para la prevalencia de ingresos, el uso de TC, o el
porcentaje de aislamientos de Pseudomonas aeruginosa. Estos hallazgos podrian ser
explicados por el menor numero de mujeres evaluadas. Por lo tanto, parece razonable
realizar estudios adicionales con mayor nimero de mujeres para extraer conclusiones
sobre este punto. La duracion media de la estancia hospitalaria y el coste disminuyeron
durante el periodo de estudio en ambos sexos. También se redujo la mortalidad
intrahospitalaria y el nimero de reingresos en estos enfermos, al igual que se ha descrito
en otros estudios de pacientes con EPOC®,

En los ingresos por agudizacién asmatica con BQ asociadas, la prevalencia

aumento significativamente durante el periodo de tiempo estudiado en ambos géneros, al
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igual que la edad y la comorbilidad. En otros trabajos se han encontrado resultados
similares, como el de Xie et al®’. Este aumento podria explicarse en parte por la existencia
de un mayor conocimiento sobre esta patologia, la mayor longevidad de la poblacion y el

aumento en el empleo de la TC para diagnosticar las BQ.

4.2. Discusion del método

Los cuatro trabajos incluidos en esta tesis son estudios observacionales y
retrospectivos. Para su desarrollo se ha utilizado como fuente de datos la informacion
procedente del Conjunto Minimo Béasico de Datos (CMBD)!*. Se trata de una base de
datos clinico-administrativa que deben cumplimentar las unidades de codificacion de los
hospitales del Sistema Nacional de Salud espafiol a partir de la informacion reflejada en

el informe de alta hospitalaria.

El CMBD** fue propuesto por el Consejo Interterritorial en base al “European
Minimum Basic Data Set”, con la intencion de normalizar y resumir la informacion
clinica en los hospitales del sistema sanitario espafiol. Recoge un conjunto minimo de
datos, entre los que cabe destacar variables demogréaficas, como la edad y el sexo; la

comorbilidad, medida por el indice de Charlson'®

, el diagnostico principal y los
secundarios; los procedimientos diagnosticos y terapéuticos llevados a cabo; la estancia
media; el destino al alta o el reingreso en los siguientes 30 dias. A cada diagndstico se le
asigna un grupo relacionado con el diagndstico (GRD), que se establece en base a la
codificacion internacional de enfermedades (CIE). La empleada hasta el afio 2015 es la

CIE-9-MC (Clasificacion Internacional de Enfermedades, 9% revision, modificacion

clinica)!®. Esta clasificacion se emplea en la mayoria de los hospitales de Europa y de
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Estados Unidos, lo que nos permite realizar comparaciones entre los trabajos de

investigacion llevados a cabo en diferentes paises.

Una de las principales fortalezas de este estudio es la potencia estadistica que le
confiere su enorme tamafio muestral, ya que el CMBD es la base de datos mas amplia que
disponemos en nuestro sistema sanitario. La informacion obtenida a partir de los datos
almacenados en esta base nos puede servir de orientacion para formular preguntas
cientificas de relevancia para nuestra actividad asistencial. A su vez, al ser de obligado
cumplimiento por los hospitales, se van a registrar los datos de aproximadamente el 98%
de los centros espafioles, quedando un porcentaje de ingresos sin codificar tan reducido
gue no tendria impacto sobre los resultados obtenidos en los estudios que se lleven a cabo.
Por otro lado, al recoger los datos anualmente, podemos analizar la evolucion de
diferentes caracteristicas de una misma patologia con el paso del tiempo, como es el caso

del presente estudio.

EI CMBD constituye una buena herramienta para poder evaluar la
multimorbilidad y el paciente pluripatoldgico, que tanta importancia tiene en la época
actual. A su vez aporta informacion en cuanto a la gestion de recursos sanitarios
(mortalidad intrahospitalaria, estancia media, etc) y puede servirnos para comparar las

actuaciones médicas entre diferentes zonas o incluso entre diferentes paises.

No obstante, nuestro estudio contiene algunas limitaciones que deben tenerse en
cuenta al interpretar los resultados. Una de las limitaciones méas importantes, inherente al
CMBBD, es el riesgo de infracodificar variables, ya que no pueden incluirse mas de 15
diagnosticos secundarios, lo que podria contribuir a no recoger todas las variables o

antecedentes en aquellos pacientes con mas pluripatologia. Por otra parte, dado que se
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basa en los datos reflejados en el informe de alta, si no se afiaden en el mismo todos los

aspectos relevantes, es probable que no queden incluidos en el CMBD posteriormente.

Otra fuente potencial de sesgo proviene del uso de codigos de diagnostico CIE-9-
MC para identificar a los pacientes hospitalizados por BQ. La principal preocupacién de
utilizar codigos de enfermedades es que la precision del diagndstico resulta cuestionable.
Al no ser posible verificar que todos los pacientes diagnosticados de BQ tuvieran un TC
gue lo confirmase, el diagndstico podria estar tanto infraestimado como supraestimado.
Por otra parte, los resultados reflejados se encuentran limitados a las variables
codificadas, por lo que exiten datos relevantes que no pueden ser incluidos, como la
severidad de la enfermedad, determinados tratamientos o el tiempo de evolucién. Su
analisis hubiera podido reflejar de una forma mas realista el impacto sanitario total de la

enfermedad.

Por ultimo, esta metodologia no permite ofrecer datos sobre mortalidad después
del ingreso hospitalario, ya que los datos recopilados se cifien exclusivamente a la

mortalidad durante la hospitalizacion.
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5. CONCLUSIONES

- Se ha observado un aumento en la prevalencia de ingresos por BQ en Espafia entre
2004 y 2013, pero solo cuando estas se codifican como diagnostico secundario. Este
incremento es mas significativo en la poblacion de mayor edad, concretamente en los
pacientes mayores de 80 afos.

- En las exacerbaciones de EPOC con BQ, el nimero de ingresos ha aumentado entre
los hombres, pero no se han encontrado diferencias significativas entre las mujeres.
Sin embargo, en las exacerbaciones de asma bronquial con BQ asociadas, el aumento
en la prevalencia de los ingresos no ha mostrado diferencias significativas entre
ambos Sexos.

- En nuestro trabajo, se ha constatado de nuevo la estrecha relacion que mantienen las
BQ con la EPOC, siendo éste el diagndstico principal méas frecuente cuando las BQ
formaban parte de los diagnésticos secundarios. Por otra parte, la estancia media y la
mortalidad intrahospitalaria han disminuido en estos pacientes.

- En las exacerbaciones de EPOC no se han detectado diferencias en la mortalidad
intrahospitalaria en funcién de la presencia o no de BQ. En el subgrupo de pacientes
con BQ), los factores predictors de una mayor mortalidad son la edad, la comorbilidad,
el aislamiento de Pseudomonas aeruginosa, el empleo de ventilacion mecénica y los
reingresos.

- En los ingresos por exacerbacién de asma bronquial, la presencia de BQ es mas
frecuente entre las mujeres, en los pacientes ancianos y en aquellos con mas
comorbilidad. Ademas su presencia se relacionaba con una mayor tasa de infeccion
por Pseudomonas aeruginosa y un aumento de la estancia media, los costes y el

numero de reingresos.
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- En las hospitalizaciones por neumonia adquirida en la comunidad o por neumonia
nosocomial no relacionadas con el ventilador con BQ asociadas existe un mayor
numero de infecciones por Pseudomonas aeruginosa que en el subgrupo sin BQ
concomitantes. En ambos tipos de neumonias, la necesidad de dialisis y el empleo de

ventilacién mecanica invasiva son factores predictores de mortalidad.
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Estadisticas Asistenciales del Instituto de Informacién Sanitaria por cualquiera de
los medios siguientes:

- Por correo electrénico: icmbd@msssi.es

- Por Fax: 91596 41 11

-Por correo postal: Instituto de Informacion Sanitaria, Area de Informacion y
Estadisticas Asistenciales, Ministerio de Sanidad, Consumo y Bienestar Social. Paseo
del Prado 18-20; 28071 Madrid. Espafia

Tras la recepcion de la solicitud se remitira un correo electréonico de confirmacién
informando de los plazos previsibles para su resoluciéon En el caso de que la
informacion sea insuficiente para resolverla, se solicitara al peticionario que la
complete, quedando el procedimiento interrumpido hasta que las deficiencias sean
subsanadas.

En la solicitud se debera consignar el periodo solicitado, las variables y los criterios de
seleccion de los registros.

En ningln caso se podran efectuar cesiones que supongan la exportacion de la
totalidad de la base de datos ni exportaciones parciales que permitan la generacién
de la misma mediante agregacion. Tampoco se podran extraer datos que permitan
la identificacidon de personas fisicas o unidades informantes.

En aplicacién del articulo 5 de la Ley Organica 15/1999 de Proteccién de Datos de
Caracter Personal - y desde mayo de 2018 del Reglamento Europeo de Proteccion
de Datos-, le comunicamos que sus datos personales seran incorporados y tratados
en el fichero automatizado “registro de solicitudes de informaciéon”, con fines
exclusivamente de seguimiento, gestion y divulgacion de las actividades, productos
y servicios del Sistema de Informacion del Sistema Nacional de Salud. En cualquier
caso, podréa ejercer su derecho de oposicion, acceso, rectificacion y cancelacion de
sus datos, en los términos descritos en la ciada Ley, a través de los mismos
circuitos establecidos para las solicitudes.
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A .1. 1) IDENTIFICACION DEL PETICIONARIO

Apellidos, Nombre NIF:

Institucion/Organizacion

Lugar de trabajo

Cargo que ocupa

Direccion profesional de contacto CP: Localidad:

Teléfono de contacto Otro teléfono:

Correo electrénico de contacto

A .1. 2) IDENTIFICACION DE COLABORADORES

Apellidos, Nombre NIF:

Institucion/Organizacion

Lugar de trabajo

Cargo que ocupa

Direccion profesional de contacto CP: Localidad:

Teléfono de contacto Otro teléfono:

Correo electrénico de contacto

Apellidos, Nombre NIF:

Institucion/Organizacion

Lugar de trabajo

Cargo que ocupa

Direccion profesional de contacto CP: Localidad:

Teléfono de contacto Otro teléfono:

Correo electrénico de contacto
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A. 2) DATOS CMBD y RAE-CMBD SOLICITADOS — FINALIDAD Y OBJETIVOS DE LA SOLICITUD

Se especificaran los datos del RAE_CMBD solicitados (periodo, variables, criterios de busqueda).
De manera resumida se indicara la finalidad, objetivos, elaboracion y andlisis a los que seran sometidos
y cOmo y cuando se divulgaran los resultados obtenidos.

A.2. 1. Datos CMBD/RAE-CMBD Solicitados. Como anexo a este formulario se encuentra la relacién
de variables disponibles en ambas bases de datos

Consignar el periodo y variables solicitadas

NOTAS IMPORTANTES:

1.- Deberan especificarse los criterios clinicos de extraccion de diagndésticos y/o procedimientos de
acuerdo con la clasificacion en vigor para el afo solicitado ( desde 1997 a 2015 inclusive codigos de
Diagndsticos y Procedimientos en CIE9MC/ de 2016 en adelante cédigos de diagnoésticos y
procedimientos en CIE10ES)

2.- LA RELACION DE CODIGOS CIE DEBERA ENVIARSE EN FORMATO EDITABLE bien en la propia
solicitud (siempre que no sea una copia escaneada) o en fichero aparte mediante un listado de cédigos
separados por comas o en el caso de cédigos sucesivos ENTRE A (cédigo inicial) y B (cédigo final).
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A.2. 2. Finalidad y objetivos: (no mas de 100 palabras)

A.2. 3. Elaboracién y analisis

A.2. 4. Difusion de resultados
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B) COMPROMISO DE CONFIDENCIALIDAD

En relaciéon con la solicitud de extraccién de datos del RAE-CMBD efectuada al Instituto de Informacion
Sanitaria del Ministerio de Sanidad, Consumo y Bienestar Social, cuya finalidad, objetivos y alcance han
sido especificado en la misma, me comprometo:

1.- A tratar toda la informacion bajo estrictas condiciones de confidencialidad.

2.- A no utilizar, y a no autorizar a cualquier persona fisica o juridica para que use los datos cedidos que
no sea exclusivamente para los fines del trabajo tal como estan reflejados en la solicitud. Este
compromiso serd extensible a aquellos colaboradores designados por el peticionario, siendo
responsabilidad de éste, el cumplimiento del mismo por parte de aquellos.

3.- A destruir el fichero o datos facilitados y todas las copias realizadas del mismo una vez transcurrido
el plazo de tiempo para el que se precisan los datos.

4.- A publicar, en su caso, los resultados del estudio o trabajo para el que se piden los datos de forma
que quede garantizada la proteccion de datos de caracter personal y que en ningln caso se puede
identificar de manera directa o indirecta a las unidades estadisticas informantes individuales. El grado de
desagregacion de la informacion en cualquier producto de difusion que se obtenga a partir de los datos
cedidos no debe permitir la identificacion de unidades informantes concretas (Hospitales, Centros de
Salud, o personas — segun proceda en cada caso - ).

5.- A enviar copia al Instituto de Informacién Sanitaria de todos los informes de difusion publica que se
produzcan a partir de los datos suministrados.

6.- A que en los productos de difusién obtenidos se haga referencia al Instituto de Informacién Sanitaria
del Ministerio de Sanidad, Consumo y Bienestar Social como fuente de los datos y a hacer constar que
el grado de exactitud o fiabilidad de la informacion derivada de la elaboracién propia de los autores sea
de la exclusiva responsabilidad de éstos.

7.- En cualquier caso, el tratamiento y difusién de la informacidon atendera a lo previsto en la Ley
Orgéanica 15/1999 de 13 de diciembre de Proteccion de datos de caracter personal — y desde mayo de
2018 del Reglamento Europeo de Protecciéon de Datos -, en la Ley 41/2002 basica reguladora de la
autonomia del paciente y de derechos y obligaciones en materia de informacion y documentacion clinica,
asi como la Ley 12/1987 de Funcion Estadistica Publica.

FECHA:

FIRMA:
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