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ABREVIATURAS

NAC: Neumonia Adquirida en la Comunidad.

EPOC: Enfermedad Pulmonar Obstructiva Crénica.

RCP: Reanimacioén Cardiopulmonar.

UCI: Unidad de Cuidados Invasivos.

NACG: Neumonia Adquirida en la Comunidad Grave.

ERS/ESCMID: Sociedad Respiratoria Europea/Sociedad Europea de
Microbiologia Clinica y Enfermedades Infecciosas (European Respiratory
Society-European Society for Clinical Microbiology and Infectious
Diseases).

IDSA/ATS: Sociedad Norteamericana de Enfermedades Infecciosas-
Sociedad Toracica Norteamericana (Infectious Diseases Society of
America/American Thoracic Society).

CURB 65: Confusion, Uraemia, Respiratory Rate, Blood Pressure.

PSI: Pneumonia Severity Index.

VMI: Ventilacion mecanica invasiva.
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INTRODUCCION

La neumonia comunitaria: historia y evolucion de la mortalidad

La infeccion pulmonar ha sido una enfermedad de elevada prevalencia
durante toda la historia del hombre. Los sintomas fueron inicialmente
catalogados en el siglo IV a.C. por Hipdcrates de Cos (1), que se refiere a
la neumonia como: “la enfermedad nombrada por los ancianos”.
Posteriormente, Moses Maimonides, médico y filésofo de la edad media,
describié en el siglo Xl los signos y sintomas de la neumonia tal y como
hoy en dia se definen: fiebre alta, dolor pleural, taquipnea y tos (2).

En 1875, el Dr. Edwin Klebs fue el primero en aislar y documentar la
presencia de bacterias en la via aérea de individuos fallecidos por
neumonia (3). Asi pues, entre 1882 y 1884 se realizaron los estudios que
permitieron identificar los mas frecuentes microorganismos causantes de
neumonia: Streptococcus pneumoniae y Klebsiella pneumoniae (4-6).

El Dr. William Osler, considerado el padre de la medicina moderna,
destacé la peligrosidad y virulencia de la neumonia mediante la siguiente
definicion: “el capitdan de los hombres de la muerte” (7). Esta definicidon
fue realizada en torno al ano 1918 que, segun los registros demograficos,
es cuando la neumonia adelanté la tuberculosis como primera causa de
fallecimiento en el mundo desarrollado (8). En aquel entonces, la
neumonia era una enfermedad sin posibilidades médicas de curacion,
con una tasa de mortalidad muy elevada, que algunos autores estiman
en un 30% en los casos hospitalizados (9); pese al avance de los
conocimientos microbiolégicos alcanzados en las décadas anteriores,
pocos cambios se observaron en cuanto a mortalidad (9).

Por otro lado, debido al desarrollo en el campo de la medicina que se

verificd durante el siglo XX, basicamente el descubrimiento de la
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penicilina inicialmente y luego de otros antibiéticos (10), la mortalidad
secundaria a neumonia adquirida en la comunidad (NAC) presentd una

drastica reduccion (figura 1).

Figura 1: evolucion de la mortalidad por neumonia en el siglo XX.
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Paralelamente, el desarrollo de unas técnicas quirurgicas mas efectivas y
el comienzo de la historia de los cuidados intensivos permitio
incrementar la reduccién de la mortalidad (11,12). Ademds, la
disponibilidad en las décadas posteriores de las nuevas vacunas frente a
Haemophilus influenzae y Streptococcus pneumoniae, las primeras
disponibles para patégenos respiratorios, condujo a una disminucion de
la incidencia de la neumonia, y como consecuencia una disminucion de la

tasa absoluta de mortalidad de la neumonia (13,14).
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Finalmente, en las ultimas décadas, la cada vez mejor atencion médica
proporcionada a los paciente con neumonia, permitid reducir
ulteriormente su mortalidad (12). Sin embargo, pese a la escasez de
datos en este contexto, algunos autores afirman que desde los anos
ochenta hasta hoy en dia, la tasa de mortalidad por neumonia habria
vuelto nuevamente a aumentar (15). Esta observacion se justificaria a
raiz de un aumento de enfermos crdnicos y con menos reserva funcional,
en los que la neumonia condicionaria una evolucién clinica desfavorable
(12). De hecho, se ha descrito como en pacientes con historia de
inmunodepresion, cardiopatia y enfermedad pulmonar obstructiva
crénica (EPOC), la tasa de mortalidad es mayor con respecto al resto de
la poblacién (16). Otros estudios concluyen que debido a los avances en
el cuidado de los pacientes mads graves, la mortalidad de estos pacientes,
incluyendo aquellos con neumonia, habria disminuido (17,18).

De todos modos, como previamente se ha mencionado, el avance mas
crucial para una disminucién significativa de la mortalidad en la
neumonia comunitaria, ha sido el descubrimiento de la penicilina, por
Alexander Fleming, en 1928 (19).

Aunque en la literatura se han reportado datos a favor de una tendencia
a mayor mortalidad en las ultimas décadas, estos datos deberian de ser
interpretados con cautela. Esto se debe a que los datos demograficos de
que originan estos estudios muy a menudo no diferencian entre los casos
de neumonia en pacientes previamente sanos de los episodios que
afectan individuos con enfermedades graves y orden de no realizacion de
reanimacion cardiopulmonar (RCP).

No obstante todos los avances realizados, hoy en dia la neumonia

comunitaria sigue constituyendo un problema sanitario muy relevante,
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ya que en sus formas mds graves se asocia a elevada morbilidad vy
mortalidad (20). La incidencia global de neumonia comunitaria se estima
en unos 450 millones de individuos cada afio (21) de los cuales unos 4
millones falleceran (19,22), siendo asi la primera causa de muerte por
infeccion en el mundo desarrollado (23,24). Ademas, los costes de
tratamiento de la neumonia son muy elevados, se estimé en Estados
Unidos en el afno 2012 un coste global para el tratamiento de la
neumonia de unos 20 billones de ddlares (25), el coste promedio para el
tratamiento de un caso de neumonia que requiere admisién hospitalaria,
en 2012, fue algo mas de 15 mil délares por individuo (26).

En la practica clinica diaria, la manera mas inmediata para clasificar las
diferentes gravedades de neumonia, es categorizar entre formas leves,
moderadas y graves. Segun datos recientes, la mortalidad estimada en
las diferentes formas de neumonia es la siguiente: alrededor del 1% en
los casos leves, en torno a un 10/12% en las formas moderadas y entre
un 20y 50% en las neumonias graves (27).

En el caso de la neumonia grave, la variabilidad en la tasa de mortalidad
se justifica principalmente por los diferentes criterios de ingreso en la
Unidas de Cuidados Intensivos (UCI) en los diferentes centros, que
depende esencialmente de la disponibilidad y organizaciéon de las camas

de criticos en cada institucién (19,28).

Neumonia comunitaria grave: definicion y epidemiologia

A pesar de la importancia que tiene determinar la gravedad del paciente
con neumonia, no existe hasta ahora una definicion exacta vy
universalmente aceptada de neumonia adquirida en la comunidad grave

(NACG) (29). En la mayoria de los estudios se ha usado una definicién
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operacional, se considera NACG aquella neumonia que requiere ingreso
en UCI (30). Sin embargo, los criterios empleados para admitir a estos
pacientes en la UCI aln no han sido claramente definidos, y pueden
variar dependiendo de la experiencia del médico responsable y las
normativas del hospital (31).

Leeper et al. propusieron una definicion operacional simple para NACG,
gue seria cuando el paciente necesita de la vigilancia y monitorizacién de
una UCI y que permita, si es necesario, apoyo con conexiéon a un
ventilador mecdnico o soporte hemodinamico (32). Posteriormente, en
un intento por lograr una mejor definicion de neumonia comunitaria
grave, se han desarrollado varios sistemas de puntuacidon y modelos
predictores para ayudar al médico clinico a identificar precozmente a
estos pacientes (33,34). Sin embargo, ninguno de ellos como veremos a
continuacion, ha logrado una segura categorizacion del riesgo particular
de cada paciente (35).

Para mejor clasificar las diferentes formas de neumonia, y para un mejor
cuidado de los pacientes con neumonia, varias sociedades cientificas
publicaron recomendaciones para el manejo de la neumonia adquirida
en la comunidad (36-38), incluyendo la Sociedad Respiratoria Europea y
la Sociedad Europea de Microbiologia Clinica y Enfermedades Infecciosas
(ERS/ESCMID) (39). En estas recomendaciones se indican criterios para la
clasificacion de gravedad de neumonia, su definicién y recomendaciones
sobre el sitio mas indicado para el tratamiento del paciente.

Sin embargo, en la practica clinica diaria la neumonia comunitaria grave
se continua definiendo como aquella neumonia que requiere ingresar el
paciente en UCI, debido a la presencia de insuficiencia respiratoria

severa, shock séptico, o alguna otra insuficiencia de organo grave que
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requiere monitorizacion invasiva (36). De la misma manera, se considera
neumonia leve aquella neumonia adquirida en la comunidad que se
decide tratar de forma ambulatoria, y neumonia de gravedad moderada
aquella que condiciona ingreso en la planta de hospitalizacion (36).

En cuanto a la prevalencia de las varias formas de neumonia, es muy
dificil estimar la porcentual de neumonias leves y moderadas, o sea de
aquellas neumonias que se tratan de forma ambulatoria o en planta de
hospitalizacidon. De hecho, se ha observado en la literatura una elevada
variabilidad a la hora de tratar una neumonia leve-moderada en régimen
ambulatorio o de hospitalizacion (40). Se ha descrito ademds como una
significativa mayoria de los médicos tiene la tendencia de sobreestimar la
gravedad de los pacientes con neumonia leve, ingresando un nimero de
pacientes mayor de lo realmente necesario (41,42). Por otro lado, las
neumonias comunitarias que requieren tratamiento en la UCI
representan entre el 10 y 30% de los pacientes hospitalizados por NAC
(43), directamente desde su llegada a urgencias o de forma tardia desde
la planta por mala evolucion clinica (44,45).

A destacar, un problema generalizado de la mayoria de articulos
realizados sobre neumonia comunitaria es que no hay diferenciacion
entre formas leves, moderadas y graves; esto tiene implicaciones
importantes, debido a la diferente mortalidad segun la severidad (46).
Ademas, en muchas ocasiones los criterios de clasificacion de la gravedad
de la neumonia son diferentes segun el centro que realizé el estudio, ya
gue cada institucion tiene recursos diferentes en forma de disponibilidad
de camas con posibilidad de monitorizacion semi-intensiva, intermedia o
minima, ademas de diferencias en la organizacion de las plantas o de las

UCls (47).
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Escalas pronésticas en la neumonia comunitaria

Debido a las implicaciones personales y econdmicas en el paciente
diagnosticado de neumonia, la estimaciéon de la severidad de Ia
neumonia es un momento de fundamental importancia en el manejo de
la NAC y deberia de realizarse de forma muy cautelosa (48). Tras el
diagndstico de neumonia, la decision del sitio dptimo para el manejo del
paciente es probablemente la decision mdas complicada (49). El gasto de
manejo de un paciente hospitalizado puede ser hasta 25 veces mayor
qgue el gasto de un paciente ambulatorio (50). Ademas, pacientes con
neumonia leve tratados de forma ambulatoria recuperardn una
funcionalidad normal precozmente con respecto a individuos
hospitalizados (51,52). Por otra parte el riesgo de trombo-embolismo
pulmonar e infeccion nosocomial aumentan en un régimen de
hospitalizacion (53). Finalmente, los microorganismos que condicionan
neumonia moderada a grave no son los mismos que originan neumonia
leve (54,55), lo que implica regimenes de tratamiento antibidticos
diferentes en las diferentes formas de neumonia (56,57).

Para intentar establecer el nivel de gravedad de una neumonia, varios
factores tienen que ser tenidos en cuenta; la etiologia, la situacién
clinica, radiolégica y analitica y la posibilidad de beneficio para el
paciente del uso de tratamientos especificos son los aspectos mas
relevantes.

En la practica clinica diaria, debido a su sencillez e inmediatez, la
clasificacion mas empleada para identificar las formas graves de
neumonia, es la escala propuesta en las recomendaciones por las
Sociedad Norteamericana de Enfermedades Infecciosas/Sociedad

Toracica Norteamericana (IDSA/ATS) (36). Segun los criterios propuestos
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en estas recomendaciones, se indica ingreso en UCI en caso de por lo
menos un criterio mayor o tres criterios menores. Los criterios mayores y
menores son indicados en la figura 1. La importancia de identificar los
pacientes que requieren ingreso en UCI se justifica por una mayor
optimizacién de los recursos médicos empleados (58). Adema3s, el ingreso
retrasado en UCI de pacientes con neumonia procedentes de planta de

hospitalizacidn se asocia a mayor mortalidad (59).

Figura 2: criterios para severidad segun IDSA/ATS.

Criteria for severe community-acquired pneumonia.

Minor criteria
Respiratory rate =30 breaths/min
PaQO,/FiO, ratio =250
Multilobar infiltrates
Confusion/disorientation
Uremia (BUN level, =20 mg/dL)
Leukopenia® (WBC count, <4000 cells/mm?)
Thrombocytopenia (platelet count, <100,000 cells/mm?)
Hypothermia (core temperature, <36°C)
Hypotension requiring aggressive fluid resuscitation
Major criteria
Invasive mechanical ventilation
Septic shock with the need for vasopressors

Varias otras escalas se propusieron para establecer la gravedad de una
neumonia y predecir su mortalidad, aunque su uso no es rutinario en la
mayoria de los centros y su utilidad se hace mas evidente en la
investigacion clinica para estandarizar pacientes de centros diferentes. La

escala de severidad Confusion, Uraemia, Respiratory Rate, Blood
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Pressure (CURB-65), o la escala prondstica Pneumonia Severity Index
(PSI), pueden ayudar en la identificacion de neumonia leve, moderada o
grave (41,42).

La escala PSI es una puntuacion predictiva basada en parametros clinicos
validada en mas de 50 mil pacientes, ambulatorios y hospitalizados. La
escala se publicé por primera vez en 1989, y estratifica los pacientes en 5
clases, cada una asociada a una mortalidad diferente a los 30 dias. La
escala fue diseflada originalmente para identificar a pacientes con
neumonia que tienen bajo riesgo de muerte, por tanto, que pueden ser
tratados de forma ambulatoria (33). Varios estudios han confirmado su
habilidad de prediccidon de mortalidad en la neumonia (60), sin embargo
en ocasiones se producen discrepancias significativas al comparar los
criterios convencionales de ingreso en UCI y la puntuacién PSI (61).
Dependiendo de la mortalidad asociada a cada clase de gravedad, se
recomienda tratar de forma ambulatoria pacientes con puntuacion de |y
Il; los pacientes en clase Ill deberian de mantenerse bajo observacion
antes de decidir la ubicacion de tratamiento, o mantenerse ingresados
los primeros dias de tratamiento; finalmente, los pacientes en clase IV o
V deberian de ser hospitalizados (33). Los parametros que se valoran en
esta escala son: edad, confusién, frecuencias cardiaca y respiratoria,
presion arterial, temperatura corporal, historia de enfermedad tumoral,
cardiaca, renal y hepatica.

La escala CURB 65 es una escala de prediccién de mortalidad avalada por
la British Thoracic Society que estima la severidad de la neumonia
comunitaria tras valoracidon de unos 5 parametros (34). Los parametros
evaluados son: presencia de confusidn, uremia, frecuencia respiratoria,

presion arterial y edad mayor de 65 afios. Cada individuo es estratificado

27



en una escala de 0 a 5, aumentando el riesgo de fallecimiento a los 30
dias al aumentar la clase de pertenencia CURB 65. La ventaja mas
relevante de esta escala es su sencillez y rapidez de calculo; la presencia
o ausencia de cada uno de los cinco parametros a valorar suma o no un
punto, alcanzando un valor total de entre 0 y 5. En caso de puntuacién
de 0y 1 no se recomienda hospitalizacion y con puntuacion de 2 o 3 se
recomienda ingreso durante los primeros dias de tratamiento;
finalmente, una puntuacién de 4 o 5 implica hospitalizacién. Si bien la
capacidad de prever la mortalidad de las escalas PSI y CURB 65 es
equiparable, el PSI demostré mejor sensibilidad, mientras que el calculo
del CURB 65 es mas rapido y sencillo (62). Ademas, la puntuacidon PSl es
mas sensible para identificar pacientes con bajo riesgo de mortalidad con
respecto al CURB 65 (63). Hoy en dia no existe ningln ensayo clinico que
haya comparado la capacidad de discriminacidon de gravedad de las dos
escalas, con lo que no estd claro si una escala es superior a la otra.

Debido a su sencillez de uso, el escore CURB 65 es usualmente preferido
frente al PSI para identificar pacientes cuyo ingreso en UCI seria
beneficioso. Ademas, el CURB 65 fue disefiado para estimar la gravedad
de neumonia mdas que para prever la mortalidad; pacientes con
puntuacién superior a 2, ademdas de un mayor riesgo de mortalidad,
presentan en general una alteracion fisiolégica mds importante que
podria requerir una monitorizacién o un tratamiento mas intensivos (34).
Es importante destacar que estos criterios no se han validados en

estudios prospectivos.
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Recomendaciones internacionales y tratamiento de la neumonia
comunitaria

Varias sociedades cientificas nacionales e internacionales publicaron en
las Ultimas décadas recomendaciones para el diagndstico y tratamiento
de la neumonia comunitaria. En concreto, las guias mas citadas en la
literatura internacional son la norteamericana, producida por las
IDSA/ATS (36), la britanica que es editada por la British Thoracic Society
(37), y la europea, promulgada por las ERS/ESCMID (39). Ademas de la
elevada morbimortalidad y costes de tratamiento que condiciona la
neumonia, un cuidado no dptimo puede conducir a un nUmero mayor de
complicaciones, que se asocian a un ulterior aumento de la mortalidad
(64); estos son las razones mas importantes para justificar la existencia
de tales recomendaciones. Como regla general, las diferentes
recomendaciones no varian mucho en cuanto a indicaciones
terapéuticas, eso es debido a que la evidencia disponible es la misma en
todas las regiones del mundo. Las diferencias que se pueden observar
dependen en mayor medida de los cambios sociales presentes en las
diferentes regiones del mundo.

La adherencia a las recomendaciones se ha asociado en varios estudios a
una mayor supervivencia (65,66), sin embargo estas no tienen en cuenta
las diferencias entre los diferentes pacientes, por esta razdn, deberian de
ayudar el clinico a decidir una actitud terapéutica, y no sustituirse al
clinico. Ademas, todas las recomendaciones destacan univocamente la
importancia de la realizacion de indicaciones locales, para adecuar las
recomendaciones a la poblacién local, a los microorganismos mas

frecuentes en un determinado entorno, y finalmente para que las
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indicaciones propuestas por la guia sean compatibles con los recursos
presentes en un determinado entorno social (36,38,39).

Todas las guias abarcan aspectos diferentes en el manejo clinico del
paciente con neumonia: el mejor sitio de tratamiento, el diagndstico, las
indicaciones sobre el tratamiento antibidtico empirico y dirigido v,
finalmente, el tratamiento de los casos sin respuesta clinica o el
tratamiento de complicaciones de la neumonia.

En el caso de las recomendaciones IDSA/ATS (36) el primer apartado
abarca el proceso de decisidon del sitio de manejo del paciente con
neumonia. Como se ha observado previamente la clasificaciéon admite las
opciones de tratamiento domiciliario, en régimen de hospitalizacién o el
ingreso en UCI. En este apartado, se discuten los riesgos y beneficios de
tratar un paciente con neumonia en los varios ambitos contemplados,
utilizando toda la literatura pertinente disponible para poder establecer
las recomendaciones; se describen las diferentes escalas prondsticas de
gravedad, analizando los aspectos mas fiables y menos exactos de cada
escala. En el segundo apartado se indican las técnicas disponibles para el
diagnodstico clinico de neumonia, el diagndstico microbiolégico y el
diagndstico de las posibles complicaciones médicas. Dependiendo de la
evidencia cientifica disponible se recomienda la realizacion de un
numero especifico de pruebas diagndsticas, que varia en funcién de las
caracteristicas del paciente, del microorganismo sospechado y de la
gravedad de la neumonia, entre otros factores.

En otro apartado de especial importancia, se discuten Ias
recomendaciones del tratamiento antibiotico. La primera parte de este
apartado es dedicada al tratamiento antibidtico empirico, que es

especifico segun la gravedad de la neumonia, ademas de depender de
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otras caracteristicas especificas de cada paciente. En un segundo
apartado, se recogen las indicaciones sobre el tratamiento dirigido; en
esta seccidn se discuten las mejores opciones antibiéticas dependiendo
del tipo de microorganismo aislado, y la duraciéon del tratamiento. Para la
realizacion de este apartado, se hace evidente la necesidad de disponer
de una elevada informaciéon sobre datos de resistencias microbianas, de
los microorganismos mas frecuentes causantes la neumonia, ademas de
estudios de comparacion entre diferentes pautas antibidticas. En el
apartado sucesivo se discuten el tratamiento de las complicaciones de la
neumonia, y el manejo de la neumonia refractaria al tratamiento.
Finalmente, en la ultima seccién se discuten las opciones disponibles
para la prevencion de la neumonia, bdsicamente las vacunas para

neumococo y para influenza.

Tratamiento antibiotico empirico en la neumonia comunitaria

Pese a la evidencia cientifica producida en las ultimas décadas para
identificar las pautas antibidticas asociadas a menor mortalidad en las
diferentes formas de neumonia comunitaria, quedan todavia muchos
interrogantes y el debate sigue vivo. Ademas, gracias a la disponibilidad
de nuevas moléculas antibidticas en los préximos anos, debido a los
probables cambios en las resistencias antibidticas de los principales
microorganismos causa de neumonia, y a causa de los cada vez mayores
conocimientos sobre la interaccion molecular entre microorganismo,
antibiotico y sistema inmune, el tratamiento propuesto actualmente
para el tratamiento empirico de la neumonia esta desinado a cambiar en

los proximos afos.
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En la actualidad, pese a las dudas todavia presentes, los datos
procedentes de las principales recomendaciones y de los ultimos
estudios cientificos publicados sugieren la administracion de las
siguientes pautas antibidticas, en caso de neumonia comunitaria.

En caso de pacientes con neumonia leve y sin factores de riesgo para
mala evolucidn clinica, los datos actualmente disponibles recomiendan la
administracion de monoterapia con una quinolona, un macrélido o un
betalactdmico (36). Si bien se desaconseja el uso de quinolonas como
primera opcién, por el riesgo de aparicién de resistencias (67), no se
observaron diferencias de mortalidad tras la administracién de una
familia de antibidtico u otra (68). Es interesante destacar como por un
lado las recomendaciones norteamericanas recomiendan cobertura de
agentes tipicos y atipicos, mientras las recomendaciones europeas
admiten la administracion de una pauta no activa frente a agentes
atipicos (36,39). Esta conclusion procede de la observacidon que la falta
de cobertura de atipicos en caso de neumonia leve no se asocia a mayor
mortalidad (69). En caso de pacientes con neumonia leve y presencia de
factores de riesgo para mala evolucién, debido al elevado riesgo de
neumonia por enterobacterias o por microorganismos resistentes, hay
consenso sobre la necesidad de cobertura de microorganismos tipicos y
atipicos (70,71); pese a no documentarse diferencias en mortalidad, la
cobertura de tipicos y atipicos se asocido en varios estudios a una
disminuciéon de los costes de tratamiento, debido a una inferior tasa de
fracasos terapéuticos, que se asocia a una menor tasa de ingresos
hospitalarios (72).

En caso de neumonia moderada que requiere hospitalizacion, si bien

datos antiguos contraindicaban la administracion de un betalactamico en
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monoterapia (73-75), en un estudio mas reciente se observan desenlaces
clinicos comparables tras la administracion de monoterapia con
betalactdmico comparado con otras pautas (76). En general se
recomienda la administracién de monoterapia con una quinolona
respiratoria o un betalactdamico, o una asociacién entre un betalactdmico
y un macrélido. La indicacion de tratamiento combinado tiene todavia
mas consistencia cientifica en caso de neumonia moderada asociada a
bacteriemia neumocécica, asociada a presencia de factores de riesgo
para mala evolucién clinica (77), en caso de sospecha de infeccién por
microorganismos atipicos (78), con puntacién PSl de IV o V (79).

En caso de neumonia grave y necesidad de ingreso en UCI hay evidencia
suficientemente sélida para justificar en todos los casos la cobertura de
agentes tipicos y atipicos (80). Por un lado, algunos estudios concluyen
que la monoterapia y el tratamiento combinado condicionen una
mortalidad comparable (81,82), mientras que otros documentan
inferioridad en cuanto a eficacia clinica, por parte de la monoterapia
(83,84). Pese a que el asunto no esta todavia completamente aclarado,
de momento la evidencia parece deponer a favor del tratamiento
combinado. Ademas, parece que la administracion de una asociacion
entre un betalactdmico y un macrdlido seria la opcién asociada a la
inferior mortalidad (85) debido al efecto antiinflamatorio propio de los
macrdlidos (86,87). A destacar que no hay significacion estadistica para
confirmar esta observacidén, y los datos obtenidos muestran una

tendencia estadistica no significativa.

33



Causas de no adherencia a las recomendaciones internacionales en la
neumonia grave

La antibioticoterapia es una de las herramientas mas efectivas para
disminuir la mortalidad (88). Se ha descrito ampliamente cémo Ia
administraciéon de un antibidtico inadecuado en el shock séptico de
origen respiratorio se asocia a un significativo aumento de la
morbimortalidad (89-91) y de las multirresistencias (92). Varios estudios
realizados en Europa (93,94), Estados Unidos (95) y Australia (96)
analizaron la tasa de adherencia a las guias terapéuticas en la
prescripcion antibidtica empirica en individuos con neumonia
comunitaria. Como regla general, la mayoria de estos estudios,
documenta una amplia variabilidad en cuanto a adherencia a la
recomendaciones, con tasas de adherencia entre un 20 y un 100% (94).
Las causas propuestas para justificar la falta de adherencia fue la
diferencia entre el paciente a tratar y el la patologia descrita en la
recomendacion, presencia de insuficiencia renal o hepatica, los costes
excesivos de algunos antibiéticos y la diferencia entre la flora local y las

recomendaciones internacionales (97).
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JUSTIFICACION DEL ESTUDIO E HIPOTESIS DE TRABAJO

Justificacion del estudio

Los datos sobre la evolucién en las ultimas décadas de la mortalidad
secundaria a neumonia comunitaria grave bacteriana son muy escasos.
En el caso de la neumonia comunitaria grave no hay datos publicados, ya
gue la mayoria de los articulos actualmente disponibles no diferencian
entre formas leves moderadas y severas de neumonia.

La antibioticoterapia empirica es uno de los pilares del manejo clinico de
los pacientes con neumonia comunitaria grave bacteriana; segun las
recomendaciones internacionales sobre el manejo clinico de los
pacientes con neumonia, todos los casos de neumonia comunitaria grave
bacteriana grave deberian de recibir dos antibidticos de forma precoz. Se
ha demostrado que un tratamiento antibidtico empirico no adecuado se
asocia a mayor mortalidad.

Aungue la mayoria de los estudios realizados para profundizar los
conocimientos sobre antibioticoterapia empirica en la neumonia grave
concluye que la administracién de dos antibiéticos de forma precoz se
asocia a inferior mortalidad, algunos estudios no obtuvieron los mismos
resultados. Ademas, gracias a la disponibilidad de nuevas familias
antibidticas la observacién de mayor supervivencia tras tratamiento
combinado se ha cuestionado. Por ello, todavia no hay consenso sobre el
tratamiento antibidtico empirico 6ptimo a administrar en pacientes con
neumonia comunitaria grave.

Debido a la elevada mortalidad que condiciona la neumonia comunitaria
grave bacteriana, debido a la importancia de individuar aquellas
actuaciones médicas que podrian asociarse a una mayor supervivencia y

debido al alto riesgo de la emergencia de nuevas resistencias bacterianas
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tras una inadecuada politica antibidtica, el estudio del tratamiento
antibidtico empirico 6ptimo es de importancia fundamental, y justifica el

interés de desarrollar el presente estudio.

Hipatesis de trabajo

En las ultimas décadas la tasa de mortalidad por neumonia comunitaria
grave bacteriana ha disminuido, y un mayor uso de tratamiento
antibidtico combinado y la administracion precoz del tratamiento

antimicrobiano podrian ser responsables de esta tendencia.
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OBIJETIVOS

El objetivo general del presente estudio es explorar eventuales cambios
en la mortalidad por neumonia comunitaria grave bacteriana en las
ultimas décadas, e investigar si la administracion precoz de dos
antibidticos de forma empirica se asocia a cambios en la mortalidad. Este

objetivo genérico se ha dividido en tres objetivos mas especificos.

Objetivo principal
Explorar si en las ultimas décadas hubo cambios en la tasa de mortalidad

por neumonia grave bacteriana adquirida en la comunidad.

Objetivo secundario
Estudiar si la administracion de dos antibidticos de forma empirica se
asocia a una disminucion de la mortalidad en pacientes con neumonia

comunitaria grave bacteriana.

Objetivo terciario
Estudiar si la administracidon precoz de la antibioticoterapia empirica se
asocia a una disminucion de la mortalidad en pacientes con neumonia

comunitaria grave bacteriana.
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METODOS

Poblacidon a estudio
Para la realizacion del presente estudio caso-control se seleccionaron
pacientes reclutados en los estudios prospectivos y multicéntricos

CAPUCI | y CAPUCI II.

Los estudios CAPUCI | y CAPUCI II

El estudio CAPUCI | es un estudio multicéntrico prospectivo
observacional realizado en 33 UCIs espafiolas desde 2000 hasta 2002. El
estudio CAPUCI Il es un estudio de seguimiento del CAPUCI |, avalado por
la Sociedad Europea de Cuidados Intensivos, realizado en 29 UCIs
europeas desde 2008 hasta la actualidad. De forma parecida en los dos
estudios, todos los pacientes admitidos en la UCI por neumonia
comunitaria grave fueron incluidos en el estudio. Se realizé seguimiento
hasta el fallecimiento o hasta el alta de la UCI. Todas las decisiones
clinicas y de manejo instrumental y farmacoldgico del paciente no eran
protocolizadas y se realizaron a discrecién del médico responsable del

paciente.

Periodo de estudio

El estudio se realizé incluyendo pacientes procedentes de la base de
datos CAPUCI |, reclutados desde el 01-01-2000 hasta el 28-02-2002, y
CAPUCI Il, que se realizo desde el 01-01-2008 hasta la actualidad. De cara
al presente estudio, los pacientes introducidos en el analisis fueron

reclutados desde el 01-01-2008 hasta el 30-04-2014.
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Criterios de inclusion de los estudios CAPUCI | y Il
Todos los pacientes con mas de 18 afios con diagndstico de neumonia
comunitaria grave admitidos en las UCIs, con fracaso de uno o mas

drganos.

Criterios de exclusion de los estudios CAPUCI I y Il

Los pacientes diagnosticados de neumonia asociada a cuidados sanitarios
fueron excluidos. También se excluyeron del estudio aquello pacientes
en que la neumonia se consideraba un evento terminal, pacientes en

programas de cuidados paliativos y pacientes con orden de no realizar

RCP.

Recogida de informacidn

Un investigador por cada centro participante en los estudios CAPUCI | y Il
recogid la informacién clinica. La recogida de informacidon de los
pacientes se llevé a cabo a través de las historias clinicas hospitalarias y
documentos clinicos, a través de un protocolo de recogida de datos
previamente definido. Los datos registrados en las base de datos CAPUCI
| v Il fueron similares. De forma esquematica las variables que se
recogieron son:

- Datos demograficos: Datos de filiacion y demograficos.

- Antecedentes patoldgicos: Historia de enfermedades antiguas y
concomitantes y tratamientos médicos realizados anteriormente al
ingreso.

- Datos de presentacion clinica de la enfermedad:

o Sindromes clasicos (neumonia bacteriana, viral o sin

germen).
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Definiciones

literatura.

Complicaciones clinicas (insuficiencia respiratoria severa,
shock séptico, insuficiencia renal, otras complicaciones
clinicas menos frecuentes).

Patron radiolégico (neumonia unilateral, multilobar,
bilateral, rapida extension del infiltrado radiolégico).

Escalas de gravedad el ingreso y de valoracidn prondstica
(APACHE Il score en estudio CAPUCI |; SAPS Il score, PSI y
CURB-65 en estudio CAPUCI II).

Datos microbiolégicos de la enfermedad (tipo y numero de
muestras respiratorias y sistémicas realizadas para

realizacion del diagndstico de neumonia).

Datos sobre los tratamientos administrados: antibioticoterapia
empirica, tipo y numero de antibidticos administrados, tiempo
pasado entre la administracion de la primera dosis de antibidtico y
la llegada a urgencias, cambio de antibiético, duracion del
tratamiento antimicrobiano, uso de tratamientos coadyuvantes y
necesidad de colocacién de drenajes pleurales.

Datos microbioldgicos de la enfermedad: tipo de muestra en que
se produce el aislamiento, nimero de muestras recogidas por cada

paciente y sensibilidad antibidtica del microorganismo aislado.

Las definiciones se establecieron siguiendo los criterios establecidos en la

La neumonia comunitaria se diagnostico cuando un paciente tenia un

clinica compatible ademas de un nuevo infiltrado pulmonar en la

radiografia de térax (98). La neumonia comunitaria severa se definid
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como aquella neumonia que requiere ingreso en UCI, por insuficiencia de
uno o mas érganos (99).

Cada paciente se consideraba fumador en caso de haber fumado mds de
un paquete al dia en los ultimos diez afios (100). Se definid como

dependencia del alcohol a cualquier paciente con un consumo diario de

mas de 80 g de alcohol cada dia en los ultimos 10 afos (101).

Inmunosupresion  fue definida como |la presencia de una

inmunodeficiencia primaria o de una inmunodeficiencia secundaria en
contexto de radioterapia, uso de farmacos citotdxicos o esteroides (dosis
diaria de mdas de 20 mg de prednisona o algun equivalente durante mas
de dos semanas), trasplante o sindrome de inmunodeficiencia adquirida
(102).

El shock séptico se considerd cuando fue necesaria la administracion de

vasopresores durante mas de cuatro horas para conseguir una presion
arterial adecuada pese a la resucitacidn previa con sueroterapia (103). La

insuficiencia respiratoria se definid6 como una saturacion de oxigeno

<90% a aire ambiente o una presiéon de oxigeno en sangre arterial en
relacion a la fraccion inspirada de oxigeno (Pa02/Fi02) < 250 mmHg

(104). La extension radiografica rapida se definid como un aumento del

infiltrado de mas del 50% tras 48 horas desde el ingreso (105).

Para la realizacion del diagndstico microbiolégico de neumonia se

necesitaba un resultado microbiolégico positivo obtenido a partir de por
lo menos una de las muestras cursadas: aspirado traqueal, bronco-
aspirado, lavado bronco-alveolar, cultivo de derrame pleural o
hemocultivo; asi mismo, la presencia de clinica compatible y Ia

positividad del antigeno urinario para Legionella pneumophila o
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Streptococcus pneumoniae condicionaban un diagndéstico de neumonia
bacteriana.

Se consideré que un paciente recibi6 monoterapia o tratamiento

antibidtico combinado en caso de recibir el mismo antibiético (uno o

mas) durante las primeras 48 horas del ingreso en UCI.

Se considerd que un paciente recibié tratamiento antibidtico precoz en

caso de recibir la primera dosis de antibiético durante las primeras tres

horas desde su llegada a urgencias.

Disefio del estudio
Andlisis retrospectivo de dos cohortes recogidas prospectivamente en
dos temporadas diferentes, realizdndose posteriormente un estudio

caso-control comparando pacientes de las dos cohortes.

Estudio caso-control

Para evaluar diferencias entre la poblacién del estudio CAPUCI | y la
poblacidon del estudio CAPUCI Il, se realizé un estudio caso-control. Para
la definicion de los grupos a comparar se definieron los grupos CAPUCI | y
CAPUCI 1l, que incluyen los pacientes de las bases de datos CAPUCI | y
CAPUCI Il que se introdujeron en el anadlisis caso-control.

Para la realizacion del apareamiento se recogieron todos los pacientes
con diagndstico microbiolégico bacteriano confirmado pertenecientes a
la base de datos CAPUCI Il, y se buscd en la base datos del CAPUCI | cada
individuo con infeccidn por el mismo microorganismo y con las mismas
caracteristicas en las variables investigadas.

Se decidid utilizar una técnica exacta de apareamiento de casos vy

controles para minimizar el riesgo de sesgo de seleccion debido a las
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diferencias entre grupos. En el caso de encontrar mas individuos del
grupo CAPUCI | con caracteristicas similares al individuo de referencia del
grupo CAPUCI Il, se seleccionaba al azar uno de los individuos del grupo
CAPUCI I. El numero de pacientes a introducir en el estudio caso-control
y la proporcién de los diferentes microorganismos de la muestra no
fueron establecidos a priori; se decidié buscar a todos los pacientes con
caracteristicas microbioldgicas y clinicas entre la base de datos CAPUCI Il
y CAPUCI I.

Las variables empleadas para el apareamiento fueron las siguientes:
microorganismo, presencia de shock, necesidad de ventilacién mecdnica

invasiva (VMI), inmunosupresion, EPOC, edad.

Analisis estadistico

Para la realizacién del andlisis estadistico se utilizd el programa de
estadistica IBM SPSS Statistics para Mac, versién 20.0 (SPSS, Chicago, IL).
Las variables categdricas se definieron como numero de casos y
proporcion, y se compararon mediante la prueba de Chi-cuadrado o, en
los casos que lo requerian, el Test Exacto de Fisher. Las variables
continuas se definieron como mediana y rango intercuartil, y se
compararon con la prueba T de Student o, en los casos necesarios con la
prueba no paramétrica de U de Mann-Whitney. El porcentaje de cambio
(razéon de odds) en la incidencia se presentd asociado a su intervalo de
confianza del 95%.

Para identificar variables asociadas de forma independiente a una
diferente mortalidad se realizé un analisis multivariado mediante un
modelo de regresion logistica. Las variables que presentaron diferencias

significativas en el analisis univariante fueron introducidas en el modelo
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multivariado. Todos los andlisis estadisticos se llevaron a cabo
considerando un nivel de significacién o valor de P menor de 0.05.

El método de Kaplan-Meier se utilizd para estimar el tiempo transcurrido
desde el ingreso hasta el fallecimiento o el alta de la UCl y para comparar
la supervivencia dependiendo de la administracion de monoterapia o
tratamiento combinado y de la administraciéon precoz o tardia del
tratamiento antibidtico. Las curvas de supervivencia fueron comparadas

con el test de long-rank.

Confidencialidad de los datos y consentimiento informado

La recogida de datos se hizo con unos protocolos previamente
establecidos y los datos se introdujeron en una base de datos con un
sistema de codificacidn con el fin de proteger la informacion personal de
cada paciente. En la hoja de recogida de datos el cédigo se relaciond con
el nimero de historia clinica. Estos datos son custodiados por el
investigador responsable. El estudio fue aprobado por el Comité Etico del
hospital coordinador (Hospital Joan XXIll; REF 2005/NA). El
consentimiento informado no fue necesario dado el caracter

observacional del estudio.
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RESULTADOS

Partiendo de la hipdétesis de trabajo, el estudio se llevé a cabo mediante
la elaboracion de dos trabajos diferentes, que tratan de dar respuesta a
cada uno de los objetivos planteados. La exposicién de los resultados se

estructurara en dos partes, correspondientes a cada uno de los trabajos.

A continuacién, y como parte final de la memoria, se afiade en forma de
apartado Anexo a varias publicaciones relacionadas que se llevaron a
cabo antes y durante la elaboracion del presente trabajo, consistentes en
dos articulos originales y un articulo de revision.

En el primer articulo original, titulado “Community-acquired Legionella
Pneumonia in the intensive care unit: Impact on survival of combined
antibiotic therapy”, se realizd un estudio observacional comparando
pacientes con neumonia grave por Legionella pneumophila y shock
séptico secundario, confirmandose una disminucién de la mortalidad tras
administracidon de forma empirica de dos antibidticos.

En el segundo articulo original, titulado “Causes of non-adherence to
therapeutic guidelines in severe community-acquired pneumonia”, se
exploran las causas de no adherencia a las recomendaciones
internacionales a la hora de iniciar un tratamiento antibiético empirico
en pacientes con neumonia comunitaria grave bacteriana; el estudio se
realiz6 a través de una encuesta realizada a médicos expertos en
enfermedades infecciosas que trabajan en una UCI.

En el articulo de revision, titulado “What is new in antibiotic therapy in
community-acquired pneumonia? An evidence-based approach focusing
on combined therapy”, se realizd un repaso de todos los articulos

publicados hasta Marzo 2015 que evaliuan cambios en la mortalidad tras
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administraciéon de uno o dos antibidticos de forma empirica, en pacientes
con neumonia comunitaria. Ademas, se explora si la administracion de
una especifica familia de antibidticos —en monoterapia o en asociacién

con otra familia de antibidticos- se asocia a una mortalidad diferente.

Primer articulo original de la tesis
Estudio caso-control que evalia cambios de mortalidad tras la
administracion de uno o dos antibiéticos y de antibioticoterapia precoz o

tardia, en una muestra de pacientes con neumonia grave neumocadcica.

Articulo

Gattarello S, Borgatta B, Solé-Violan J, Vallés J, Vidaur L, Zaragoza R,
Torres A, Rello J. “Decrease in mortality in severe community-acquired
pneumococcal pneumonia: impact of improving antibiotic strategies

(2000-2013)”. Chest. 2014; 146: 22-31.

Segundo articulo original de la tesis

Estudio caso-control que evalia cambios de mortalidad tras la
administracidon de uno o dos antibiéticos y de antibioticoterapia precoz o
tardia, en una muestra de pacientes con neumonia grave bacteriana no

neumocaocica.

Articulo
Gattarello S, Lagunes L, Vidaur L, Solé-Violan J, Zaragoza R, Vallés J,
Torres A, Sierra R, Sebastian R, Rello J. “Improvement of Antibiotic

Therapy and ICU Survival in Severe Non-Pneumococcal Community-
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Acquired Pneumonia: a Matched Case-Control Study”. Critical Care.

2015; 19: 335.

Tercer articulo original (Anexo)
Estudio observacional que evalia cambios de mortalidad tras la
administracion de uno o dos antibidticos en una muestra de pacientes

con neumonia grave por Legionella pneumophila.

Articulo

Rello J, Gattarello S, Souto J, Solé-Violan J, Valles J, Peredo R, Zaragoza R,
Vidaur L, Parra A, Roig J. “Community-acquired Legionella Pneumonia in
the intensive care unit: Impact on survival of combined antibiotic

therapy”. Medicina Intensiva. 2013; 37: 320-326.

Cuarto articulo original (Anexo)

Estudio observacional en forma de encuesta clinica que evalua las causas
de no adherencia a las recomendaciones internacionales a la hora de
iniciar un tratamiento antibiético empirico en caso de neumonia

comunitaria grave.

Articulo

Gattarello S, Ramirez S, Almarales JR, Borgatta B, Lagunes L, Encina B,
Rello J. “Causes of non-adherence to therapeutic guidelines in severe
community-acquired pneumonia”. Revista Brasileira de Terapia Intensiva.

2015; 27: 44-50.

Articulo de revision (Anexo)
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Revision de todos los articulos cientificos publicados desde 2005 hasta
2015 que exploran los desenlaces clinicos tras la administracidon de uno o
dos antibidticos y dependiendo de la familia de antibidtico que se

administro.

Articulo:
Gattarello S. “What is new in antibiotic therapy in community-acquired
pneumonia? An evidence-based approach focusing on combined

therapy”. Current Infection Disease Reports. 2015; 17: 501.
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Decrease in Mortality in Severe Community-Acquired
Pneumococcal Pneumonia
Impact of Improving Antibiotic Strategies (2000-2013)

Simone Gattarello, MD, Barbara Borgatta, MD, Jordi Solé-Violan, MD, PhD; Jordi Vallés, MD, PhD;
Loreto Vidaur, MD,; Rafael Zaragoza, MD, PhD, Antoni Torres, MD, PhD,; and Jordi Rello, MD, PhD,
for the Community-Acquired Pneumonia en la Unidad de Cuidados Intensivos II Study Investigators*

oBJECTIVE: The objective of the present study was to compare antibiotic prescribing practices
and survival in the ICU for patients with pneumococcal severe community-acquired
pneumonia (SCAP) between 2000 and 2013.

METHODS: This was a matched case-control study of two prospectively recorded cohorts in
Europe. Eighty patients from the Community- Acquired Pneumonia en la Unidad de Cuidados
Intensivos (CAPUCI) 1II study (case group) were matched with 80 patients from CAPUCI I
(control group) based on the following: shock at admission, need of mechanical ventilation,
COPD, immunosuppression, and age.

RESULTS: Demographic data were comparable in the two groups. Combined antibiotic therapy
increased from 66.2% to 87.5% (P < .01), and the percentage of patients receiving the first dose
of antibiotic within 3 h increased from 27.5% to 70.0% (P<.01). ICU mortality was signifi-
cantly lower (OR, 0.82; 95% CI, 0.68-0.98) in cases, both in the whole population and in the
subgroups of patients with shock (OR, 0.67; 95% CI, 0.50-0.89) or receiving mechanical venti-
lation (OR, 0.73; 95% ClI, 0.55-0.96). In the multivariate analysis, ICU mortality increased in
patients requiring mechanical ventilation (OR, 5.23; 95% CI, 1.60-17.17) and decreased in
patients receiving early antibiotic treatment (OR, 0.36; 95% CI, 0.15-0.87) and combined
therapy (OR, 0.19; 95% CI, 0.07-0.51).

CONCLUSIONS: In pneumococcal SCAP, early antibiotic prescription and use of combination
therapy increased. Both were associated with improved survival.
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Community-acquired pneumonia (CAP) is a major
health problem associated with high morbidity and
mortality.!? Despite geographic differences, Streptococcus
pneumoniae is the most common cause of pneumonia
worldwide.! Over the years, CAP studies have focused
on risk factors,® microbiology,** biomarkers,*” and mor-
tality®; more recently, they have addressed the introduc-
tion of new antibiotic policies and the availability of new
drugs.®10

In Western countries, despite improved survival due to
changes in antibiotic policies,'""* poor prognosis is seen
in older people with more comorbidities and chronic
illness in whom life expectancy has been prolonged.'+”
On the other hand, it has been shown that septic shock
mortality has decreased.'s20 The aggregate impact of

these demographic and clinical trends on the CAP sur-
vival rate is of great importance to clinicians, but no
recent data are available in the literature, especially in
critical patients with severe community-acquired
pneumonia (SCAP).

FOR EDITORIAL COMMENT SEE PAGE 6

Our hypothesis was that improvement in antibiotic pol-
icies contributed to reduced mortality due to SCAP in
the ICU setting. For this reason, the primary objective
of the present study was to compare ICU mortality due
to SCAP caused by S pneumoniae in two different periods
(2000-2002 and 2008-2013). The secondary objective
was to identify changes in antibiotic strategies in pneu-
mococcal SCAP.

Materials and Methods

This was a matched case-control study of two cohorts of patients pro-
spectively recorded in Europe (the Community-Acquired Pneumonia
en la Unidad de Cuidados Intensivos [CAPUCI] studies). CAPUCI |
and IT are two European, prospective, multicenter studies conducted in
patients admitted to the ICU for CAP. The CAPUCI I study recorded
data from 33 hospitals from 2000 to 2002. Data from this cohort have
been reported elsewhere."! The CAPUCI 11 study was a follow-up pro-
ject endorsed by the European Critical Care Research Network. Data
were recorded from patients admitted for SCAP from 2008 to 2013 in
29 European ICUs. Demographic data, and clinical presentation, out-
come, and antibiotic therapy data were registered; antibiotic prescrip-
tion was left to the discretion of the attending physician. Patients were
admitted to the ICU either to undergo mechanical ventilation or
because they were critically ill,2' in accordance to Infectious Disease
Society of America/American Thoracic Society guidelines.' People with
severe chronic illness in whom pneumonia was an expected terminal
event were not included; patients were observed until ICU discharge or
death. The study was approved by the ethics board of the coordinating
center (REF 2005/NA), in accordance with national regulations, and
informed consent was waived due to the observational nature of the
studies. Definitions are given in e-Appendix 2.

Eighty patients (case group, n = 80) from the CAPUCI 11 database who
were diagnosed with SCAP caused by S pneumoniae were matched with
80 patients with similar clinical characteristics from the CAPUCI I
database (control group, n = 80). For each patient in the case group,
one patient with identical clinical features was selected from the control
group. Matching variables were the following: presence of shock at ICU
admission, need for mechanical ventilation, immunosuppression, and
age (age cutoff: 65 years), as these are the main determinants for mor-
tality in CAP>*2*and COPD, given its high prevalence in Western popu-
lations and its controversial role in the increase in mortality in SCAP.252

Continuous variables were compared with Student t test for normally
distributed variables, or the Mann-Whitney U test for nonnormally dis-
tributed variables. Categorical variables were evaluated with the x* or
two-tailed Fisher exact test. Results are expressed as median and interquar-
tile range (IQR) for continuous variables or as percentages of the group
from which they were derived for categorical variables. Two-tailed tests
were used to determine statistical significance; a P value < .05 was con-
sidered significant.

The Kaplan-Meier product limit method was used to construct survival
curves for patients receiving combination and monotherapy regimens
and early vs late antibiotic administration. All data management and
statistical analysis were performed using the SPSS 15 processor (IBM).

Results

One hundred and sixty patients were enrolled:

80 patients from the 2008 to 2013 cohort (case group)
paired with 80 from the 2000 to 2002 cohort (control
group). Figure 1 shows the algorithm for the selection
of the patients and the ICU mortality for each subgroup;
incidence of severe pneumococcal pneumonia increased
significantly (43.9% vs 27.0%; OR, 1.30; 95% CI, 1.15-1.48).
Table 1 shows the variables used to match patients. The
groups presented identical prevalence of the items
evaluated: Shock at ICU admission was present in
60.0% of patients, while 65.0% had received mechanical

journal.publications.chestnet.org

ventilation. Thirty-three percent of patients were aged
> 65 years, 32.2% received a diagnosis of COPD, and
7.5% presented immunosuppression. The cause of
immunosuppression was HIV infection in seven of
12 patients.

Medical history and clinical presentation were compa-
rable in the two cohorts (Table 2). Estimated proba-
bility of death was 31.0% in the case group and 24.0%
in the control group (P =.35). ICU length of stay was
similar: Median (IQR) was 10.0 days (4-19) vs 10.0 days
(4-17.8), respectively (P = .97). Blood cultures were
positive in 36.2% of the case group and 40.0% of the
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CAPUCII CAPUCIHII
(2000 - 2002) (2008 - 2013)
n:529 n: 230
[ I
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n: 386 n:129
' n: 143 n: 101 :
mortality 38.0% mortality 23.8%
I |
I | I I
No matched CONTROL GROUP CASE GROUP No matched
n:63 Matched Matched n: 21
mortality 22.6% n: 80 n: 80 mortality 14.3%
mortality 33.8% mortality 17.5%
0 p=0.26 | L p=1.00 |

Figure 1 - Flow diagram of patient selection and mortality in the different subgroups. CAPUCI= Community-Acquired Pneumonia

en la Unidad de Cuidados Intensivos.

control group (P =.75). As shown in Table 3, bacter-
emia was significantly associated with the presence of
septic shock (P =.05). Acute kidney injury was
observed in 44 patients (55.0%) in the case group vs

31 (39.2%) in the control group (P = .06), while rapid
radiographic spread was recorded in 48.8% and 51.2%,
respectively (P = .87).

ICU mortality was significantly different between the
groups: 14 patients (17.5%) from the case group died
compared with 27 (32.5%) in the control group, with an
OR of ICU mortality of 0.82 (95% ClI, 0.68-0.98;
P=.04). Most deaths were late and due to multiorgan
dysfunction syndrome. Figure 1 shows ICU mortality of
the different subgroups. Mortality was comparable
between matched and nonmatched patients in CAPUCI
1(22.6% vs 33.8%, P=.26) and in CAPUCI II (17.5% vs
14.3%, P = 1.00). Figure 2 shows changes in ICU mor-
tality between the two time periods in the whole popula-
tion and in the subgroups of patients with shock (OR,
0.67; 95% CI, 0.50-0.89) and those receiving mechanical
ventilation (OR, 0.73; 95% CI, 0.55-0.96). Kaplan-Meier

TABLE 1 | Description of Matched Variables

survival analysis was performed in the global cohort and
in the subgroups of patients with shock and under
mechanical ventilation, stratifying by monotherapy

vs combined therapy (log-rank P<.01,.02, and .01,
respectively) (Fig 3) and early vs non-early antibiotic
treatment (log-rank P<<.01, .01, and .02, respectively)
(Fig 4).

Combined therapy differed significantly between the
groups: 70 patients (87.5%) from the case group received
combined therapy vs 53 (66.2%) from the control group
(P<<.01) (Table 4). The first dose of antibiotic was
administered within 3 h of admission to the ED in
70.0% of the case group but in only 27.5% of the control
group (P <.01). Compliance with 2007 Infectious
Disease Society of America/American Thoracic Society
guidelines' was obtained in 64 patients (80.0%) in the
case group and in 38 (47.5%) in the control group
(P<.01).

The most frequent pattern of antibiotic use was a com-
bination of a cephalosporin with a macrolide (Table 5),
which was administered in 65 patients (40.6%): 38

Variables Case Group (n=80) Control Group (n = 80)
Age >65y 27 (33.8) 27 (33.8)
COPD 25 (32.2) 25 (32.2)
Immunosuppression 6 (7.5) 6 (7.5)
Shock at ICU admission 48 (60.0) 48 (60.0)
Invasive mechanical ventilation 52 (65.0) 52 (65.0)

Data are given as No. (%).
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TABLE 2 | Other Demographics Data and Clinical Presentations

Variable Case Group (n=80) Control Group (n =80) PValue
Age, median (IQR), y 58.0 (46.0-69.8) 57.0 (48.0-70.8) .99
Age <50y 30 (37.5) 23 (28.7) 31
Age 50-64 y 23 (28.7) 28 (35.0) .50
Age 65-74 y 15 (18.8) 15 (18.8) 1.00
Age =75y 12 (15.0) 14 (17.5) 42
Male sex 50 (62.5) 59 (73.8) 37
Active smoker 39 (48.8) 38 (48.7) 1.00
Alcohol use 20 (25.0) 26 (33.3) .30
Overweight 8 (10.7) 7 (8.8) .79
Diabetes mellitus 9 (16.4) 18 (22.5) .51
Cardiac failure 16 (20.0) 16 (20.0) 1.00
Cerebral vascular disease 6 (7.5) 8 (14.0) .26
Malignancy 3(3.8) 3(3.8) 1.00
Estimated probability of death, 31.0 (17.0-52.0) 24.0 (24.0-40.0) .35
median (IQR)
ICU length of stay, median (IQR), d 10.0 (4.0-19.0) 10.0 (4.0-17.8) .97
Mechanical ventilation, 7.0 (2.8-18.8) 7.5 (3.0-17.8) .99
median (IQR), d
Bacteremia 29 (36.2) 32 (40.0) 75
Acute kidney injury 44 (55.0) 31 (39.2) .06
Rapid radiographic spread 39 (48.8) 41 (51.2) .87
ICU mortality 14 (17.5) 26 (32.5) .04

Data given as No. (%) unless otherwise indicated. IQR = interquartile range.

(47.5%) in the case group and 27 (33.8%) in the control second most frequently administered antibiotic pattern
group (P =.11). The most frequent combination in was a cephalosporin and a quinolone; cefotaxime/ceftri-
the case group was ceftriaxone and azithromycin axone plus levofloxacin was the most used combination
(26 patients, 32.5%), while in the control group it was (case group: 24 patients [30.0%]; control group: nine

ceftriaxone and clarithromycin (20 patients, 25.0%). The patients [11.3%]).

TABLE 3 | Comparison Between Bacteremic and Nonbacteremic Patients

Variable Bacteremia (n = 61) No Bacteremia (n =99) P Value
Age, median (IQR), y 55.0 (46.5-64.5) 57.0 (46.3-70.0) .18
Nonimmunocompromised 54 (88.5) 94 (94.9) .22
Immunocompromised: HIV 5(8.2) 4 (4.0) 1.00
Immunocompromised: non-HIV 2 (3.3) 1(1.0) 1.00
Shock at ICU admission 43 (70.5) 53 (53.5) .05
Invasive mechanical ventilation 42 (68.9) 62 (62.6) .50
Acute kidney injury 31 (50.8) 44 (44.4) 42
Rapid radiographic spread 33 (54.1) 47 (47.5) .52
Combined therapy 47 (77.1) 76 (76.8) 1.00
AB initiated within 0-3 h 29 (47.5) 49 (49.5) .87
ICU mortality 15 (24.6) 25 (25.3) 1.00

Data given as No. (%) unless otherwise indicated. AB = antibiotic. See Table 2 legend for expansion of other abbreviation.
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Figure 2 — ICU mortality in the whole population and in different subgroups of patients. IMV = invasive mechanical ventilation.

Table 6 shows the univariate analysis for determining
variables associated with ICU mortality. COPD

(P =.05), estimated probability of death (P <.01),
shock at ICU admission (P < .01), invasive mechanical
ventilation (P < .01), acute kidney injury (P =.02),
rapid radiographic spread (P = .02), combined therapy
(P =.02), and early antibiotic administration (P =.02)
differed significantly between survivors and
NONsurvivors.

Multivariate analysis was performed to identify risk
factors for mortality (Table 7). Variables with signifi-
cant differences from the univariate model (Table 6)
were introduced in this model. The need for invasive
mechanical ventilation was associated with a higher
risk of ICU mortality (OR, 5.23; 95% CI, 1.60-17.17).
In contrast, first dose of antibiotic within 3 h (OR,

0.36; 95% CI, 0.15-0.87) and combined therapy (OR,
0.19; 95% CI, 0.07-0.51) were associated with a lower
risk of ICU mortality in pneumococcal SCAP. The
model remained similar when the variable “macrolide
use” was added as a dependent variable in the multi-
variate analysis (macrolide use OR for death, 1.52; 95%
ClI, 0.56-4.16).

Discussion

The main finding of this study was a 15% decrease in
ICU mortality due to SCAP caused by S pneumoniae
during the study period. Several changes in antibiotic
prescription practices were detected, and an association
between improved survival and both earlier antibiotic
administration and increased combined antibiotic
therapy was identified.

A All population (Log Rank p <0.01) B Shock (Log Rank p =0.02) C Mechanical ventilation (Log Rank p =0.01)
10 1 10 1 1.0 1
Combined therapy — Combined therapy — Combined therapy —
08 A Monotherapy -+ 08 1 Monotherapy  «---- 08 | Monotherapy  «-«--
> 06 1 > 06 > 06 4
£ ] ke - )
PR :
S 04 ] S 04 S 04
8 Sy <4 24
02 4 0.2 0.2 4
0.0 T T T T T 0.0 T T T 0.0 T T T T T
0 20 40 60 0 20 40 60 0 20 40 60
Time (days) Time (days) Time (days)
Figure 3 — Kaplan-Meier survival curve stratified for monotherapy vs combined therapy. A, The whole population. B, Patients with shock. C, Patients

receiving mechanical ventilation.
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Figure 4 - Kaplan-Meier survival curve stratified for early vs nonearly antibiotic treatment. A, The whole population. B, Patients with shock. C, Patients

receiving mechanical ventilation.

The World Health Organization’s annual reports stress
the minimal decrease in worldwide mortality secondary
to lower respiratory infection: from 4.1 million (1993)
to 3.9 million (2002).272% Mortality due to all-source
infectious diseases has increased in recent decades,?” up
to 58% in the United States.* However, its translation to
clinical practice is difficult because no differentiation
has been made between mild and severe infection, or
local infection, sepsis or septic shock, considering that
complicated infection with systemic inflammatory
response syndrome bears higher mortality than local
infection.”

In accordance with our results, there is evidence sup-
porting a decrease in severe sepsis and septic shock
mortality in the last years®: Overall mortality from any-
source severe sepsis had decreased in the last decade up
to 12%.1°20 Explanations for this trend include higher
compliance with international guidelines,*** better
hemodynamic management,* improved ventilator set-
ting in mechanical ventilation,*-” decreased ICU admis-
sions of patients with extremely poor prognosis," and
changes in medical treatment. 3840

TABLE 4 | Characteristics of Antibiotic Treatment

Studies showing that early antibiotic administration
seems to be unrelated to better outcomes did not differ-
entiate between critical and noncritical patients.** It
has consistently been demonstrated that early antibiotic
administration is a determinant of the outcome in severe
sepsis and shock, regardless the source of infection,-4
supporting the 2012 Surviving Sepsis Campaign’s rec-
ommendation on initiation of antibiotics within the first
hour of the diagnosis of severe sepsis.**

Our results show that combined antibiotic therapy is
associated with lower ICU mortality, which is supported
by other studies***%; however, most of these enrolled
patients with pneumonia and shock. Our data show
improved survival in patients receiving combined
therapy, both in the general population and in patients
with shock or receiving mechanical ventilation (Fig 3),
suggesting that the benefit of combined therapy is not
limited to patients with shock.

Still, it is unclear why combined therapy is superior to
monotherapy. Possible reasons include coverage of
atypical pathogens, greater probability of covering

Characteristics Case Group (n=280) Control Group (n = 80) P Value
Previous AB 10 (12.5) 7 (8.8) .61
Monotherapy 10 (12.5) 27 (33.8) <.01
Combined therapy 70 (87.5) 53 (66.2) <.01
AB initiated within 0-3 h 56 (70.0) 22 (27.5) <.01
AB initiated within 4-6 h 16 (20.0) 26 (32.5) 11
AB initiated at =6 h 8 (10.0) 32 (40.0) <.01
Adequate according to 2007 IDSA/ATS guidelines 64 (80.0) 38 (47.5) <.01

Data given as No. (%) unless otherwise indicated. IDSA/ATS = Infectious Diseases Society of America/American Thoracic Society. See Table 3 for

expansion of other abbreviation.
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TABLE 5 | Most Frequent Patterns of Antibiotic Treatment

Antibiotic Treatment All Patients (N = 160) Case Group (n=280) Control Group (n=80) | P Value
Cephalosporin and macrolide 65 (40.6) 38 (47.5) 27 (33.8) 11
Ceftriaxone/cefotaxime and azithromycin 26 (16.2) 26 (32.5) 0 (0) <.01
Ceftriaxone/cefotaxime and clarithromycin 30 (18.8) 10 (12.5) 20 (25.0) .07
Other cephalosporin and macrolide 9 (5.6) 2(2.5) 7 (8.8) 37
Cephalosporin and quinolone 37 (23.1) 26 (32.5) 11 (13.8) <.01
Cefotaxime/ceftriaxone and levofloxacin 33 (20.6) 24 (30.0) 9 (11.3) <.01
Other cephalosporin and quinolone 4 (2.5) 2 (2.5) 2 (2.5) 1.00
Ceftriaxone/cefotaxime 15 (9.4) 4 (5.0) 11 (13.8) .10
Levofloxacin 11 (6.9) 5(6,2) 6 (7.5) 1.00
Miscellaneous combined therapy 21 (13.1) 6(7.5) 15 (18.8) .06
Miscellaneous monotherapy 11 (6.9) 1(1.3) 10 (12.4) <.01
Overall 160 (100) 80 (100) 80 (100)

Data given as No. (%) unless otherwise indicated.
3P value calculated between case group and control group.

multiresistant microorganisms, synergies, and antiin- duction of the 7-valent pneumococcal conjugate
flammatory and immunomodulatory effects of some vaccine, where a shift in pneumococcal serotypes
antimicrobials. In the present study, as all cases were has been documented (serotypes not covered by the
caused by S pneumoniae, it is reasonable to assume that vaccine). This has been associated with more empy-
factors other than covering atypical pathogens or cov- ema and different rates of shock or respiratory

ering multiresistant microorganisms were related to failure.# Substantial reduction in hospitalization
decreased mortality. for pneumonia among adults has been reported after
Interestingly, epidemiology of invasive pneumococcal introduction of the 7-valent pneumococcal conjugate
disease changed significantly in Spain after the intro- vaccine.®

TABLE 6 | Univariate Analysis to Assess Risk Factors for ICU Mortality Due to Pneumococcal SCAP

Risk Factor Survival (n=120) No Survival (n= 40) OR (95% CI) P Value
Age >65y 37 (30.8) 17 (42.5) 1.20 (0.90-1.61) .18
Overweight 11 (9.4) 4 (10.5) 1.01 (0.90-1.15) .76
Alcohol use 31 (26.3) 15 (37.5) 1.18 (0.91-1.54) .23
Active smoker 53 (44.9) 24 (60.0) 1.38 (0.91-2.1) .10
Diabetes mellitus 19 (19.6) 8 (21.1) 1.02 (0.84-1.23) .82
Cardiomyopathy 23 (19.2) 9 (22.5) 1.04 (0.86-1.26) .65
COPD 32 (26.7) 18 (45.0) 1.33 (1.00-4.73) .05
Immunosuppression 7 (5.8) 5 (12.5) 1.08 (0.95-1.22) .18
Estimated probability of death, 24 (14-40) 40 (24-52) <.01
median (IQR)

Shock at ICU admission 65 (54.2) 31 (77.5) 2.04 (1.11-3.74) <.01
Invasive mechanical ventilation 69 (57.5) 35 (87.5) 3.4 (1.46-7.92) <.01
Acute kidney injury 50 (41.7) 25 (64.1) 1.63 (1.04-2.54) .02
Rapid radiographic spread 53 (44.2) 27 (67.5) 1.72 (1.07-2.76) .02
Combined therapy 98 (81.7) 25 (62.5) 0.49 (0.28-0.85) .02
AB initiated within 0-3 h 65 (54.2) 13 (32.5) 0.41 (0.19-0.87) .02

Data given as No. (%) unless otherwise indicated. SCAP = severe community-acquired pneumonia, See Table 2 and 3 legends for expansion of other

abbreviations.
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TABLE 7 | Multivariate Analysis to Assess Risk Factors for ICU Mortality Due to SCAP

Variable OR (95% CI) P Value
Invasive mechanical ventilation 5.23 (1.60-17.17) <.01
Rapid radiographic spread 2.22 (0.91-5.43) .81
Acute kidney injury 2.09 (0.76-5.79) .15
COPD 1.78 (0.72-4.36) .21
Shock at ICU admission 1.52 (0.52-4.49) .45
Estimated probability of death 1.00 (0.98-1.03) .81
AB initiated within 3 h 0.36 (0.15-0.87) .02
Combined therapy 0.19 (0.07-0.51) <.01

See Table 3 and 6 legends for expansion of abbreviations.

A significant decrease in mortality was observed in the
whole population as well as in the subgroups of
patients with shock and receiving mechanical ventila-
tion (Fig 2), even when stratified according to com-
bined antibiotic therapy vs monotherapy (Fig 3) and
early antibiotic treatment vs non-early antibiotic admin-
istration (Fig 4). This observation is not only of aca-
demic interest: In view of these results, all patients with
pneumococcal SCAP requiring ICU admission should
receive early treatment and combined antibiotic therapy.

Significant differences in antibiotic regimens admin-
istered to the study groups were seen (Table 5), the
most important being that azithromycin was not
administered to the control group, because it was not
available in IV formulation in Spain at the time of the
CAPUCI I study. Also, more broad-spectrum antibi-
otic combinations were administered in the control
group than in the case group; in the case group,
80.0% of patients received a combination of cephalo-
sporin plus a macrolide or fluoroquinolone compared
with 47.6% of control subjects, suggesting a higher
compliance to guidelines in the case group. No differ-
ences in mortality were found between different anti-
biotic regimens.

Interestingly, our study population comes from a large,
prospective, multicenter database and is homogeneous,
since all the patients were admitted to the ICU. To our
knowledge, this is the first study to compare the clin-
ical characteristics of the subset of critically ill patients
in the ICU with pneumococcal CAP. Moreover,
whereas most prior studies evaluating antibiotic treat-
ment in SCAP have been limited to subgroups with
shock, our results showed a lower mortality rate in dif-
ferent populations, stressing the clinical implications
of our findings.

journal.publications.chestnet.org

The major limitation of the present study is its design,
where prescription of antibiotics and hemodynamic
resuscitation were not standardized. On the other hand,
there were no significant differences between the two
cohorts (Tables 1, 2).

Another important limitation is that several improve-
ments have been introduced in the management of
critical patients, including management of septic shock
and mechanical ventilation. Even though major deter-
minants of mortality for SCAP were included in our
analysis, it was not possible to record all of these
changes. Severity of illness was recorded with different
scores; therefore, univariate and multivariate analysis
adjusted severity for the “estimated risk of death”
rather than a score. We acknowledge that the use of
matching criteria for respiratory failure other than
mechanical ventilation, such as Pao,/F10,, may be asso-
ciated with different outcomes, but this may also be
influenced by other supporting measures like positive
end-expiratory pressure level or other ventilator set-
tings. Bacteremia alone is not a good tool to predict
outcome in pneumococcal pneumonias; for this rea-
son, this variable was not used to match cohorts.
Although reports*# have correlated variation in sero-
types with outcomes and complications, data regarding
vaccination or serotypes were not recorded in our
study. Finally, a selection bias may limit the generaliza-
tion of findings.

Conclusions

In summary, incidence, mortality, and management

of severe pneumococcal pneumonia has significantly
changed in the last decade. Improved ICU survival was
associated with earlier antibiotic prescription and
increased use of combined antibiotic therapy.
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Abstract

in antibiotic strategies on outcomes.

Introduction: We aimed to compare intensive care unit mortality due to non-pneumococcal severe
community-acquired pneumonia between the periods 2000-2002 and 2008-2014, and the impact of the improvement

Methods: This was a matched case-control study enrolling 144 patients with non-pneumococcal severe pneumonia:
72 patients from the 2000-2002 database (CAPUCI | group) were paired with 72 from the 2008-2014 period (CAPUC ||
group), matched by the following variables: microorganism, shock at admission, invasive mechanical ventilation,
immunocompromise, chronic obstructive pulmonary disease, and age over 65 years.

Results: The most frequent microorganism was methicillin-susceptible Staphylococcus aureus (22.1 %) followed by
Legionella pneumophila and Haemophilus influenzae (each 20.7 %); prevalence of shock was 59.7 %, while 73.6 % of
patients needed invasive mechanical ventilation. Intensive care unit mortality was significantly lower in the CAPUCI Il
group (34.7 % versus 16.7 %; odds ratio (OR) 0.78, 95 % confidence interval (Cl) 0.64-0.95; p = 0.02). Appropriate therapy
according to microorganism was 91.5 % in CAPUCI | and 92.7 % in CAPUCI Il, while combined therapy and early
antibiotic treatment were significantly higher in CAPUCI Il (76.4 versus 90.3 % and 37.5 versus 63.9 %; p < 0.05). In
the multivariate analysis, combined antibiotic therapy (OR 0.23, 95 % ClI 0.07-0.74) and early antibiotic treatment
(OR 0.07, 95 % CI 0.02-0.22) were independently associated with decreased intensive care unit mortality.

Conclusions: In non-pneumococcal severe community-acquired pneumonia , early antibiotic administration and use of
combined antibiotic therapy were both associated with increased intensive care unit survival during the study period.

Introduction

In Western countries, community-acquired pneumonia
(CAP) is the leading cause of death and is associated
with high healthcare costs [1]. In the intensive care unit
(ICU) setting, it is one of the most common reasons for
admission and the most frequent causes of mortality [2].
Antibiotic treatment is the cornerstone for management
of pneumonia, and adequate empiric treatment is associ-
ated with improved outcomes [1].
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The trend in CAP mortality over recent decades remains
unclear, despite many efforts to identify it. Contrasting re-
sults have been obtained in different publications because
most of them did not differentiate between outpatients, pa-
tients admitted to the ward and patients admitted to the
ICU [3, 4]. Conversely, many recently published studies
have found a significant decrease in mortality in septic
shock [5-7], or in severe respiratory failure requiring inva-
sive mechanical ventilation (IMV) [8]; therefore, it is rea-
sonable to assume that mortality due to severe pneumonia,
especially when complicated with septic shock, may have
decreased in the last few years. In a recent study, we found
a reduction in mortality due to pneumococcal severe

© 2015 Gattarello et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(httpZ//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated

69



Gattarello et al. Critical Care (2015) 19:335

(S)CAP and an association between better management of
antibiotic therapy and improved ICU survival [9].

The present study hypothesizes that, as in pneumococ-
cal SCAP [9], an improvement in antibiotic policies will
contribute to reducing mortality in non-pneumococcal
SCAP. The primary objective was to determine ICU
mortality due to non-pneumococcal SCAP, and the sec-
ondary objective was to assess whether improvements in
antibiotic prescription had been implemented.

Materials and methods

This was a matched case—control study enrolling 144 ICU
patients diagnosed with non-pneumococcal SCAP: 72 pa-
tients from the CAPUCI I study (2000-2002 period) were
paired with 72 patients from the CAPUCI II database
(2008-2014 period).

CAPUCI I was a multicenter, prospective, observational
study carried out in 33 hospitals in Spain between 2000
and 2002. All patients admitted to ICU with diagnosis of
SCAP were included. CAPUCI II was a follow-up project
endorsed by the European Critical Care Research Net-
work, carried out in 29 European ICUs from 2008 to
2014. In both studies, patients were admitted to the ICU
either to undergo IMV or because they were in an un-
stable clinical condition [1]. All cases were followed until
ICU discharge or death, and all clinical decisions were left
to the discretion of the attending physician. Data from
these cohorts have been reported elsewhere [10]. The Joan
XXII University Hospital Ethics Board (coordinating
centre) approved the study (REF 2005/NA); the need for
informed consent was waived due to the observational na-
ture of the studies.

Pneumonia was diagnosed when a patient had consistent
clinical findings plus a new pulmonary infiltrate on chest
radiography. Immunocompromise was defined as primary
immunodeficiency or immunodeficiency secondary to ra-
diation treatment, use of cytotoxic drugs or steroids (daily
doses >20 mg prednisolone or equivalent for >2 weeks),
transplantation or AIDS. Shock was defined as the need
for a vasopressor during >4 hours after fluid replacement;
rapid radiographic spread was defined as an increase in the
size of opacities on chest radiograph >50 % at 48 hours.

SCAP was defined as pneumonia that required ICU
admission, with single or multi-organ failure. Patients
proceeding from a long-term care facility, diagnosed
with healthcare-associated pneumonia and with a no-
cardiopulmonary resuscitation indication were not in-
cluded. Microbiological diagnosis required a positive
result from a respiratory sample or blood culture, or a
positive urinary antigen in the case of Legionella spp.
infection. Probability of death was predicted according
to the “estimated risk of mortality” using the Acute
Physiology and Chronic Health Evaluation (APACHE)
I score in the CAPUCI I cohort and Simplified Acute

Page 2 of 12

Physiology Score (SAPS) III in the CAPUCI II cohort
[11, 12]. Monotherapy and combined therapy were de-
fined as administration of the same antibiotic (one or
more) during the first 2 days of ICU admission. Early anti-
biotic administration was defined as administration of the
first dose of antibiotic within 3 hours of hospital admission.

Patients with pneumonia and negative cultures, doc-
umented viral pneumonia or mixed aerobic/anaerobic
flora were excluded; likewise, aspiration pneumonia,
often associated with impaired clinical status [13], was
excluded from the analysis so as to avoid bias. To per-
form the case—control analysis, each patient from the
CAPUCI II group with a confirmed microbial etiology
was matched with one from the CAPUCI I group with
the same microorganism. Subsequently, the rest of vari-
ables used to match patients were: 1) presence of shock
at ICU admission; 2) need for IMV; 3) immunosuppres-
sion; 4) chronic obstructive pulmonary disease; and 5)
age (cut-off, 65 years) [14]; all main determinants for
mortality in CAP [15, 16].

All data management and statistical analyses were per-
formed using the SPSS 20 processor (SPSS inc., Chicago,
IL). Results are expressed as medians and interquartile
range for continuous variables, or as absolute percentages
for categorical variables. Continuous variables were com-
pared with the Mann—Whitney U test (non-normally dis-
tributed variables). Categorical variables were assessed
with the chi-square or two-tailed Fisher exact test.

A multivariate model was performed to identify the vari-
ables associates with changes in mortality. To construct the
model, we performed a logistic regression using all variables
from the univariate analysis that were associated with a dif-
ferent mortality as covariates; subsequently, to optimize the
model and minimize an overfitting bias, an automatic step-
wise backward covariate selection was performed. Thus,
multivariate analysis was finally adjusted according to the
following variables: shock at admission, acute renal failure,
combination therapy and early antibiotic administration.

Kaplan-Meier analysis was used to construct survival
curves for patients receiving combination and monotherapy
regimens and early versus late antibiotic administration.

Results

ICU mortality was significantly lower in the CAPUCI II
group (34.7 versus 16.7 %; odds ratio (OR) 0.78, 95 % con-
fidence interval (CI) 0.64-0.95; p = 0.02). Figure 1 shows a
flow chart analysis for patient selection; in both CAPUCI 1
and CAPUCI II populations, mortality among patients en-
rolled in the analysis was compared with mortality of the
rest of patients in the same group, with no significant dif-
ferences being found (Fig. 1). In both cohorts, mortality of
patients enrolled in the case—control analysis did not
present significant differences when compared with pa-
tients not introduced into the analysis. Mortality in the
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CAPUCII CAPUCIII
(2000-2002) (2008-2014)
n: 529 n:616
| ]
[ | | | | 1
Pneumococcal Bacterial 'Unknown Pneumococcal Bacterial _Unknown
n: 143 Non-Pneumococcal Mucroozrg;msm n: 229 Non-Pneumococcal Mlcroozrgzmsm
n n:
mortality 25.9% n: 149 mortality 28.7% mortality 15.3% n: 151 mortality 17.6%
[ |
| | | l
Non-Matched CAPUCI | GROUP CAPUCI Il GROUP Non-Matched
n:77 Matched Matched n:79
mortality 33.8% n:72 n:72 mortality 17.4%
mortality 34.7% mortality 16.7%
L | 1 |

Fig. 1 Flow chart diagram of patient selection and mortality in the different subgroups

CAPUCI 1 cohort was 34.7 % in patients enrolled in the
analysis versus 33.8 % in non-matched patients with non-
pneumococcal pneumonia with confirmed microorganism
(p = 1.00); in CAPUCI I, it was 16.7 % in matched and
17.4 % in non-matched patients, respectively (p = 1.00).
Figure 2 depicts survival depending on the microbiological
isolate: the most frequent microorganism was Staphylo-
coccus aureus (22.1 %), followed by Legionella pneumo-
phila and Haemophilus influenzae (each 20.7 %). Table 1
shows the variables used to pair patients; individuals
selected for the case—control analysis showed a preva-
lence of shock and IMV of 59.7 % and 73.6 %, respect-
ively. Furthermore, Table 1 shows the prevalence of the
matching variables in patients with non-pneumococcal
bacterial pneumonia not selected for the matching

analysis; no significant differences were observed be-
tween matched and non-matched patients. As indicated
in Table 2, estimated probability of death was 32.0 % in
the CAPUCI 1II group and 34.0 % in the CAPUCI I
group (p = 0.59). Bacteremia was observed in 22.2 % of
CAPUCI I and in 30.6 % of CAPUCI II (p = 0.35). No
significant differences were observed in length of ICU stay
(10.5 versus 12.0 days; p = 0.16) or length of IMV (8.0 ver-
sus 10.5 days; p = 0.18). Mortality showed an absolute re-
duction of 18 % between the CAPUCI II group (34.7 %)
and the CAPUCI I group (16.7 %) (p = 0.02). Figure 3
compares ICU mortality between groups. In the CAPUCI
11 group, it fell significantly in the overall population with
an OR of 0.78 (95 % CI 0.64-0.95; p = 0.02); in venti-
lated patients the OR was 0.70 (95 % CI 0.53-0.91; p = 0.01)

Tl 75.0% 93.8% . D
T CAPUCI | Group Survived
a CAPUCI | Group Non-Survived [
i 455% 727% CAPUCI Il Group Survived [_]
3
3 10+ CAPUCI Il Group Non-Survived [X]
B
2 nl 429% 100%
E
3
-
S - 50.0% 50.0%
50.0% 100% 100% 100%
0 1 1 1 1 1
Staphylococcus Legionella Hemophilus Pseudomonas Escherichia Kilebsiella Enterobacter Mycoplasma
aureus pneumophila influenzae aeruginosa coli pneumonie aerogenes pneumonie
Fig. 2 ICU survival according to microorganism
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Table 1 Description of matched variables and mortality

Variable CAPUCI | group CAPUCI VI p value CAPUCI Il group CAPUCIII p value

(n=72) non-matched (n=72) non-matched

Age over 65 years 32 (44.4) 22 (286) 006 32 (444) 23 (41.8) 086
COPD 34 (47.2) 24 (31.2) 0.06 34 (472) 19 (36.5) 027
Immunosuppression 9 (125) 17 (22.1) 0.14 9(125) 7(125) 1.00
Shock 43 (59.7) 47 (61.0) 1.00 43 (59.7) 24 (436) 0.08
IMV 53 (73.6) 57 (74.0) 100 53 (736) 32 (60.4) 0.13
ICU mortality 25 (34.7) 26 (338) 100 12(16.7) 8(174) 1.00

Data are presented as n (%). COPD chronic obstructive pulmonary disease, ICU intensive care unit, IMV invasive mechanical ventilation

while in patients with shock it was 0.60 (95 % CI 0.43-0.84;
p < 0.01).

Kaplan-Meier survival analysis was performed in the
whole population and in the subgroups of patients who
underwent IMV or required vasopressors, stratifying by
monotherapy versus combined therapy (Fig. 4; log rank
p value <0.01 in the three analyses) and early versus
non-early antibiotic treatment (Fig. 5; log rank p value <0.01
in all three cases). As shown in Table 3, no significant
Idifferences were observed between bacteremic and
non-bacteremic patients.

Table 2 Other demographical data and clinical presentations

Variable CAPUCI | group
n=72)

Age® 63.0 (47.5-75.0)

Age under 50 years 20 (27.8)

Age 50-64 years 20 (27.8)

Age 65-74 years 13(18.1)

Age over 75 years 19 (26.4)

Male gender 49 (68.1)

Active smoker 25 (34.7)

Alcohol use 24 (33.3)

Overweight 14 (194)

Diabetes mellitus 18 (25.0)

Cardiomyopathy 24 (33.3)

Cerebral vascular disease 4 (5.6)

Malignancy 6 (8.3)

Estimated probability of death” 320 (19.5-50.0)

ICU length of stay® 105 (6.0-20.8)

Days of mechanical ventilation® 80 (40-153)

Bacteremia 16 (22.2)

Acute kidney injury 31(43.1)

Rapid radiographic spread 40 (55.6)

ICU mortality 25(347)

Combined therapy was administered in 76.4 % of pa-
tients in the CAPUCI I group and in 90.3 % in the
CAPUCI 1II group (p = 0.04) (Table 4). Early antibiotic
treatment was also significantly higher in the CAPUCI 11
group (63.9 versus 37.5 %; p < 0.01). The most frequent
antibiotic prescription was a cephalosporin plus a
macrolide (Table 5) in 58 out of 144 patients (40.1 %),
with ceftriaxone/cefotaxime plus clarithromycin being
the most frequent combination (29 patients out of 144,
20.1 %). The most frequent pattern delivered in the
CAPUCI 1 group was ceftriaxone/cefotaxime plus

CAPUCI Il group p value
(n=72)

620 (53.0-720) 0.85
14 (194) 033
24 (33.3) 0.59
20 (27.8) 0.23
14 (19.4) 043
54 (75.0) 046
27 (37.5) 0.86
14 (194) 0.09
21 (29.2) 0.24
15 (20.8) 0.69
17 (23.6) 027
7 9.7) 0.53
4 (56) 0.75
340 (16.0-62.8) 0.59
120 (7.0-33.0) 0.16
105 (6.0-23.3) 0.18
22 (306) 035
29 (40.3) 0.87
37 (514) 0.74
12 (16.7) 0.02

Data are presented as n (%), unless otherwise indicated: * median (interquartile range 25-75). ICU intensive care unit. Significant p values are indicated in bold
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clarithromycin (27 patients out of 72, 37.5 %) while in
the CAPUCI Il group it was ceftriaxone/cefotaxime plus
levofloxacin (21 patients out of 72, 17.3 %). Azithromy-
cin was not available in Spain in parenteral formulation
between 2000 and 2002, so it was not used in this group.

Table 6 shows the empiric antibiotic treatment deliv-
ered to each patient, and the appropriateness of the em-
piric antibiotic treatment with respect to the isolated
microorganism. Overall, appropriate therapy based on
bacteriology was 91.5 % in CAPUCI I and 92.7 % in
CAPUCI II. Appropriate therapy was prescribed in all
episodes caused by Staphylococcus aureus, Haemophilus
influenzae, Escherichia coli, Klebsiella pneumoniae,

-

Mpycoplasma pneumoniae and Enterobacter aerogenes.
Inappropriate therapy was only prescribed in episodes
caused by Legionella pneumophila (2/15 and 2/15 in
CAPUCI I and 11, respectively) and Pseudomonas aeru-
ginosa (6/11 and 5/11 in CAPUCI I and II, respectively).

Table 7 shows univariate and multivariate analyses for
the assessment of variables associated with different mor-
tality rates. In the univariate analysis, variables associated
with a significant rise in ICU mortality were shock at ICU
admission (p < 0.01), acute kidney injury (p < 0.01), need
for IMV (p = 0.02) and alcohol use (p = 0.03); factors asso-
ciated with lower ICU mortality were combined therapy
(p < 0.01) and early antibiotic treatment (p < 0.01).
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Fig. 4 Kaplan-Meier survival curve stratified for monotherapy versus combined therapy. a The whole population (log rank p < 0.01); b patients with
shock (log rank p < 0.01); ¢ patients under mechanical ventilation (log rank p < 0.01). ICU intensive care unit
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As shown in Table 7, we explored whether the adminis-
tration of a specific antibiotic combination was associated
with changes in mortality, without observing significant
differences. We compared mortality after the administra-
tion of either beta-lactam-macrolide (univariate analysis:
OR 0.72, 95 % CI 0.34-1.54) or beta-lactam-quinolone
(univariate analysis: OR 043, 95 % CI 0.17-1.14) regi-
mens, without observing significant differences (data not
shown).

Variables from the univariate analysis that were asso-
ciated with significant changes in mortality were intro-
duced in a multivariate model analysis. Acute kidney
injury and shock at ICU admission were associated
with a higher risk of ICU mortality (OR 4.56, 95 % CI
1.60-13.02; and OR 3.96, 95 % CI 1.29-12.14, respectively.

Table 3 Comparison between bacteremic and non-bacteremic
patients

Variable Bacteremic Non-bacteremic p value
(n=38) (n =106)
Age under 50 years 9(237) 25 (236) 1.00
Age 50-64 years 13 (342) 31 (292) 068
Age 65-74 years 6(15.8) 27 (25.5) 027
Age over 75 years 10 (26.3) 23 (21.7) 065
Immunocompromised 7 (184) 11 (104) 025
Shock at ICU admission 23 (60.5) 63 (594) 1.00
Invasive mechanical ventilation 28 (73.7) 78 (73.6) 1.00
Acute kidney injury 17 (44.7) 43 (406) 0.70
Rapid radiographic spread 24 (63.2) 53 (50.0) 0.19
Combined therapy 34 (895) 86 (81.1) 031
Antibiotic initiated 0 to 3 hours 18 (474) 55(51.9) 0.71
ICU mortality 11 (289) 26 (24.5) 067

Data are presented as n (%). ICU intensive care unit

Conversely, early antibiotic treatment (OR 0.07, 95 % CI
0.02-0.22) and combined therapy (OR 0.23, 95 % CI
0.07-0.74) were associated with a lower risk of mortality
during ICU admission.

Furthermore, we explored if the agreement with 2007
Infectious Diseases Society of America/American Thor-
acic Society (IDSA/ATS) guidelines was associated with
an improved outcome, observing a decreased mortality
after delivery of adequate treatment (OR 0.65, 95 % ClI
0.48-0.89). When we performed a multivariate analysis
(variable introduced in the model: shock at admission,
acute renal failure and 2007 IDSA/ATS agreement) the as-
sociation was still significantly present (OR 0.39, 95 % CI
0.17-0.91). However, the same association was not present
when, in the same multivariate model, the variables “com-
bination therapy” and “early antibiotic administration”
were added (for mortality for the variable “2007 IDSA/ATS
agreement: OR 0.98; 95 % CI 0.32-2.97).

Discussion

The most relevant conclusions of the present analysis
were the significant decrease in ICU mortality due to
non-pneumococcal SCAP between the two cohorts, and
the positive association between improved empirical
antibiotic treatment and a lower mortality rate. These
findings confirm our primary hypothesis, and are con-
sistent with the results obtained from our previous study
in patients with pneumococcal CAP from the same data-
base [9].

Few published studies have assessed changes in mor-
tality due to CAP in recent years. Moreover, as men-
tioned above, the vast majority did not differentiate
between critical and non-critical patients [3, 4]. How-
ever, several studies have reported a significant decrease
in mortality due to all-source septic shock in recent
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Table 4 Characteristics of antibiotic treatment
Variable CAPUCI | group CAPUCI Il group p value
(n=72) (n=72)
Previous antibiotic 14 (194) 10(139) 0.50
Monotherapy 17 (236) 7(9.7) 0.04
Combined therapy 55 (76.4) 65 (90.3) 0.04
Antibiotic initiated 0 to 3 hours 25 (37.5) 46 (63.9) <0.01
Antibiotic initiated 4 to 6 hours 21 (29.2) 17 (236) 0.57
Antibiotic initiated more than 6 hours 25 (333) 9 (12.5) <0.01
Adequate according to 2007 IDSA/ATS guidelines 31 (43.1) 41 (56.9) 0.13

Data are presented as n (;). S;gr{iﬁcant p values are indica;ed in bold. IBSA/ATS IrTfec(iBus DTseases Society of America/;\merican Thoracic Soc;ety

decades [5-7]. Our results were obtained in a population
with a high rate of IMV (73.6 %) or secondary shock
(59.7 %). In this setting, during the planning of a study,
we believe that is vital to differentiate between critical
and non-critical patients.

To our knowledge, no studies to date have assessed
mortality due to SCAP with regard to etiology. It is worth
noting that, during the matching process, we did not set a
percentage for each microorganism a priori; instead, we
found the number of coincidences between groups ac-
cording to the above-mentioned variables. Interestingly,
the distribution of the identified microorganisms in our
sample coincides with literature reports, thus confirming
the study’s external reproducibility [1, 17].

As indicated in Table 6, the vast majority of patients re-
ceived adequate treatment according to microbiology. As
expected, appropriateness of treatment in case of infection

Table 5 Most frequent patterns of antibiotic treatment

due to Legionella pneumophila and Pseudomonas aerugi-
nosa was lower. In case of Legionella infection the treat-
ment was adequate in 86.7 % of patients from the CAPUCI
I and II groups. On the other hand, treatment was ad-
equate with respect to microbiology respectively in 45.5
and 54.5 % of patients with infection due to Pseudomonas
aeruginosa. This is important because an inappropriate
treatment can lead to an increased mortality. In fact, the
survival rate in case of Pseudomonas pneumonia was the
lowest when compared with other etiologies (with the ex-
ception of Enterobacter infection; however, this is not sig-
nificant as only four patients were introduced in the
analysis, two in each group), and this is probably due to
the low rate of adequate empirical treatment. Despite this,
an improvement in mortality was observed between the
two periods, and this is probably due to the earlier admin-
istration of the first dose of antibiotic and other general

Variable All patients CAPUCI | group CAPUCI Il group p value
(n=144) (n=72) (n=72)

Cephalosporin and macrolide 58 (40.1) 35 (48.5) 23 (320) 0.06
Ceftriaxone/cefotaxime and clarithromycin 29 (20.1) 27 (37.5) 2(28) <0.01
Ceftriaxone/cefotaxime and azithromycin 18 (124) 0 (0) 18 (25.0) <0.01
Other cephalosporin and macrolide 11 (7.6) 8(11.1) 3(4.2) 0.21

Cephalosporin and quinolone 31 (21.5) 6 (84) 25 (34.6) <0.01
Cefotaxime/ceftriaxone and levofloxacin 25(17.3) 4 (5.6) 21 (290) <0.01
Other cephalosporin and quinolone 6(4.2) 2(28) 4 (5.6) 0.68

Penicillin and macrolide 9(63) 2(28) 7(9.7) 017
Piperacillin-tazobactam and azithromycin 535 0(0) 5(6.9) 0.06
Other penicillin and macrolide 4 (28) 2(28) 2(28) 1.00

Amoxicillin-clavulanate 8 (56) 8(11.1) 0(0) <0.01

Ceftriaxone/cefotaxime 7 (49) 5(6.9) 2(28) 044

Levofloxacin 6 (42) 4 (5.6) 2(28) 068

Miscellaneous combined therapy 22 (153) 12 (16.7) 10 (139) 0.78

Miscellaneous monotherapy 3@0) 0 (0) 3(4.2) 0.25

Overall 144 (100) 72 (100) 72 (100)

Data are presented as n (%). Significant p values are indicated in bold. p value calculated between CAPUCI | and CAPUC! Il groups
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Table 7 Univariate and multivariate analyses to assess variables associated with changes in ICU mortality

Variable Survival No survival Univariate analysis Multivariate analysis;
(n=107) (n=137) p value OR (95 % Cl); p value

Age over 65 years 46 (43.0) 18 (48.6) 0.57

Overweight 27 (25.2) 8 (21.6) 083

Alcohol use 23 (21.5) 15 (40.5) 0.03

Active smoker 36 (33.6) 16 (43.2) 033

Diabetes mellitus 24 (224) 9 (243) 083

Cardiomyopathy 28 (26.2) 13 (35.1) 0.30

COPD 49 (45.8) 19 (514) 0.57

Immunosuppression 13 (12.1) 5(135) 0.78

Shock at ICU admission 56 (52.3) 30 (81.1) <0.01 3.96 (1.29-12.14); 0.02

Invasive mechanical ventilation 73 (68.2) 33 (89.2) 0.02

Acute kidney injury 36 (33.6) 24 (64.9) <0.01 4.56 (1.60-13.02); <0.01

Rapid radiographic spread 56 (52.3) 21 (56.8) 0.70

Bacteremia 27 (25.2) 11 (29.7) 067

Combined therapy 96 (89.7) 24 (64.9) <0.01 0.23 (0.07-0.74); 0.01

AB initiated within 3 hours 67 (62.6) 6(16.2) <0.01 0.07 (0.02-0.22); <0.01

Combined BL and M therapy 52 (48.6) 15 (40.5) 045

Combined BL and FQ therapy 33 (30.8) 6(16.2) 0.09

Data are presented as n (%). Significant p values are indicated in bold. AB antibiotic, BL beta-lactam, C/ confidence interval, COPD chronic obstructive pulmonary
disease, FQ fluoroquinolone, ICU intensive care unit, M macrolide, OR odds ratio

improvements that have been made in the last years in the
management of ICU patients.

When exploring mortality depending on the etiology
of pneumonia, we observed an increased survival be-
tween the two cohorts when pneumonia was caused by
Staphylococcus aureus, Haemophilus influenzae, Pseudo-
monas aeruginosa, Escherichia coli and Enterobacter
aerogenes. No changes were observed in case of Klebsi-
ella infection, and an increased mortality was observed
in case of Legionella pneumonia. As shown in Table 3, a
higher proportion of patients from CAPUCI II received
early combination therapy. When exploring the adminis-
tration of mono- versus combination therapy, differenti-
ating by the microorganisms, it becomes evident that all
cases with the exception of Legionella and Pseudomonas
infections received a higher rate of combined therapy if
belonging to the CAPUCI II group (Table 6). Thus, it is
reasonable to assume that the decrease in mortality in
our sample was mainly caused by a higher rate of com-
bination therapy and early antibiotic administration.

In the case of pneumonia due to Legionella pneumo-
phila, an increased mortality between the two groups was
observed. Fifteen patients with Legionella infection were
included in both groups: 3 out of 15 and 5 out 15 died, re-
spectively, in the CAPUCI I and II groups. Among those
who died, two individuals out of three from the CAPUCI I
cohort received microbiological adequate coverture (one
received a quinolone regimen while the other a macrolide

regimen); in CAPUCI 11, they were three out of five (all re-
ceived a macrolide regimen) (Table 6). On the other hand,
all patients but one (belonging to the CAPUCI II group)
received delayed antibiotic treatment. We assume that the
small size of the sample, fortuity and probably some
unrecognized factor other than antibiotic therapy played a
role in the different mortality. Due to the low number of
patients that died because of Legionella infection, it is dif-
ficult to ascribe changes in mortality because of the use of
quinolones rather than macrolides, although it is not pos-
sible to exclude it.

In the case of Klebsiella infection, due to the reduced
number of cases (four patients for each group, with 50 %
mortality in both cohorts), it is not possible to take de-
finitive conclusions.

Another important finding is the association between
lower mortality and an improvement in antibiotic strat-
egies; that is, combined antibiotic therapy and early treat-
ment initiation. Combined therapy has become common
practice in the empirical treatment of SCAP [1]. To our
knowledge, no current guideline suggests monotherapy as
empirical therapy. Generally, the recommendation is a
beta-lactam plus either a macrolide or a quinolone. In the
CAPUCI I group, monotherapy was administered in 17
patients (23.6 %) and in 7 patients (9.7 %) in the CAPUCI
II group.

Univariate and multivariate analysis, and Kaplan-Meier
survival analysis, all showed a positive association between
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delivery of combined antibiotic therapy and lower mortal-
ity. Previous studies observed that patients with CAP and
secondary shock or bacteremia [18, 19] presented lower
mortality when combined therapy was delivered. Our re-
sults confirm these findings and, furthermore, suggest that
all patients with severe pneumonia, with or without shock
or need for IMV, may benefit from combined therapy.
Even though this may not be a surprising conclusion, it
should be noted that a significant percentage of our popu-
lation and those in other studies still received monother-
apy [20]. These findings are consistent with those
reported in patients with pneumococcal SCAP [9].

To date, the optimal antibiotic combination choice in
severe CAP is still a debated issue; some authors advo-
cate the use of a macrolide-regimen administration, due
to the anti-inflammatory effects shown by these mole-
cules [21]. However, not all studies achieved similar re-
sults. Although in our cohort the limited size of the
sample makes it difficult to explore this issue, we
assessed changes in mortality after macrolide or quin-
olone administration, in the whole population (Table 7)
and in the subgroups of patients with shock or under
mechanical ventilation (data not shown)—no differences
were observed. Furthermore, several studies concluded
that quinolone administration is comparable in terms of
mortality with a macrolide regimen, but with a higher
eradication rate, a lower treatment failure and possibly
less cost of treatment [22]; however, concerns about an
increased resistance rate after quinolone administration
were raised [23]. Moreover, in case of a social environ-
ment with high rates of pulmonary tuberculosis, the use
of a fluoroquinolone could mask a pulmonary tubercu-
losis rather than bacterial CAP [24]. In our sample, the
use of a quinolone regimen showed a trend to lower
mortality, without achieving significant results, in the
whole population and in the subgroups of patients with
shock or under mechanical ventilation. According to
the present results, it is not possible to advocate the use
of a specific antibiotic family.

In 2006, Kumar et al. showed that mortality rates in
septic patients with shock increased in line with the
delay in antibiotic initiation [25]. Subsequent other stud-
ies of patients with shock confirmed this finding [26]. As
shown in the Kaplan-Meier survival analysis (Fig. 5),
early antibiotic treatment in our sample was associated
with lower mortality not only in the subgroup of patients
with shock, but in the overall population and in the sub-
group of ventilated patients as well. In view of these
findings, each patient who presents at the emergency
room with non-pneumococcal SCAP should receive the
first dose of antibiotic treatment within the first 3 hours.
Indeed, the 2007 IDSA/ATS guidelines recommend initi-
ation of antibiotic therapy before transfer to the ward or
to the ICU [1].
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We explored if the agreement with the 2007 IDSA/ATS
guidelines was associated with different outcomes, and we
found a reduced mortality when guideline recommenda-
tions were followed. Basically, IDSA/ATS guidelines rec-
ommend the administration of an early combination of
specific antibiotic families; thus, to better investigate the
effects of simple medical actions on mortality, we decided
to separate the item “2007 IDSA/ATS adequate treatment”
into two variables: “combined therapy” and “early anti-
biotic treatment”. Thus, after the addition of these two
variables in the multivariate model this association was no
longer documented. This might suggest that the sum of
actions that imply the agreement to international guide-
lines is better investigated by separating these actions in
multiple variables rather that grouping all actions into the
variable “2007 IDSA/ATS adequate treatment”.

The current study has some limitations that should be
mentioned. The most important is its observational na-
ture; however, this approach is the only way to assess
changes in outcome over a period of time. Moreover, in
the ICU setting in recent decades there have been sig-
nificant improvements in the management of patients
undergoing IMV or resuscitation of septic shock, and in
nutrition, in the prevention of ICU-related complica-
tions and in the ICU admission criteria as well. Severity-
of-illness was recorded with different scores; in CAPUCI
I the risk of mortality was estimated using APACHE II
score while in CAPUCI II SAPS III was used. However,
both scales reflect a reliable risk of death and were
widely validated in large-scale studies. For this, after esti-
mating the risk of death with APACHE II and SAPS III
scores, we created a variable named “estimated probabil-
ity of death”, comparing both groups. Furthermore, to
avoid an overlap between the same parameters in differ-
ent variables, we decided not to use severity-score vari-
ables to match patients; in fact, both APACHE II and
SAPS III scores include parameters of severity for re-
spiratory or cardiac failure, and demographics such as
age, which were introduced independently in the match-
ing. Of note, the ICUs that participated in CAPUCI I
and II studies were different; in fact, CAPUCI I was de-
veloped in 33 Spanish ICUs while CAPUCI II was car-
ried out in 29 ICUs-24 from Spain and 5 from other
European countries. This may originate a bias due to a
different source of patients; however, after the matching
process, we retrospectively observed that all 72 patients
from the CAPUCI II cohort were enrolled from Spanish
ICUs, thus minimizing the risk of a significant bias. More-
over, we did not perform genetic investigations, although
recent publications have identified common variants in
specific genes that are associated with different outcomes
in severe pneumonia [27]. Finally, as stated by Waterer
[28], ICU outcome often differs from hospital outcome or
from outcome on day 60 or 90 after admission. However,
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as shown in the Kaplan-Meier survival analysis, the major-
ity of deaths in our sample occurred within 14 days of ad-
mission. Although it is true that ICU mortality may differ
from hospital or 3-month outcome, we feel that deferring
excessively the time of the study of the outcome may com-
plicate the analysis, because more variables that are diffi-
cult to record and interpret have to be introduced in the
analysis as confounding variables.

Conclusions

In the current study, mortality due to non-pneumococcal
SCAP decreased between the two cohorts, and the use of
combined antibiotic therapy and early antibiotic adminis-
tration were associated with lower mortality. These finding
agree with the conclusions obtained in a previous study
carried out in patients with pneumococcal SCAP from the
same database [9]. More studies to confirm these findings
are now needed. In the meantime, all patients presenting
at the emergency department with SCAP should receive
two antibiotics within 3 hours of admission.

Key messages

o In the last 14 years, a significant reduction in ICU
mortality due to severe community-acquired pneu-
monia was observed.

¢ In severe non-pneumococcal community-acquired
pneumonia, early antibiotic administration and com-
bination therapy were associated with a significant
improved survival.

o A lower mortality was observed following early
administration of combination therapy either in the
subgroups of patients with shock, under mechanical
ventilation and without shock or requirement of
mechanical ventilation.

e The most frequent etiologies in severe CAP in the
present cohort were Staphylococcus aureus followed
by Legionella pneumophila and Haemophilus
influenzae.
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DISCUSION

Primer articulo original de la tesis: Estudio caso-control que evalla
cambios de mortalidad tras la administracion de uno o dos antibioticos
y de antibioticoterapia precoz o tardia, en una muestra de pacientes
con neumonia grave neumococica.

El resultado mas importante del primer estudio fue la disminucién de la
mortalidad de un 15% en pacientes con NACG causado por Streptococcus
pneumoniae, entre los dos periodos a estudio. Asi mismo, se documentod
una asociacion entre disminucidon de la mortalidad y administracién de
tratamiento antibidético combinado y disminuciéon de la mortalidad y
administracién precoz de la primera dosis de antibidtico.

Segun datos de la Organizacion Mundial de la Sanidad, la mortalidad por
neumonia en los Ultimos afos presentd una minima y no significativa
disminucion: 4.1 millones en 1993 frente a 3.9 millones en 2002
(106,107). Segun otros estudios, en las ultimas décadas la mortalidad
secundaria a infeccidén de cualquier foco habria aumentado, en Estados
Unidos, hasta un 58% (108,109). Sin embargo, interpretar estos datos es
complicado y puede llevar a malentendidos, ya que no se hizo
diferenciacion segun la gravedad de la infeccidon: infeccion local, sepsis,
sepsis grave y shock séptico. En este contexto, es importante destacar
algo ya ampliamente conocido: la infeccidén local de cualquier érgano o
tejido se asocia a una fisiopatologia diferente que la infeccién complicada
con sepsis o shock séptico (110). Ademas, en la mayoria de los estudios
publicados no hay datos sobre el porcentaje de pacientes candidatos a
curas paliativas o de aquellos pacientes en que la infeccion se considerd
como un evento terminal en un paciente con elevada comorbilidad

decidiéndose iniciar Unicamente medidas de confort.
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Por otro lado, varios articulos observaron una disminucion de mortalidad
por sepsis grave y shock séptico en los ultimos anos (111,112): un estudio
publicado por Lagu et al. documenté una disminucién global de hasta un
12%, en pacientes con sepsis grave y shock séptico de cualquier origen
(113). Posibles explicaciones de esta tendencia podrian individualizarse
en una mayor adherencia a las recomendaciones internacionales
(114,115), un mejor empleo de los recursos farmacoldgicos (89,116,117),
un mejor manejo de la resucitacidon del shock séptico (88), un uso mas
generalizado de ventilacion mecdanica protectora (118,119) y finalmente
una mayor tasa de pacientes no ingresados en UCI por orden de no RCP
por presencia de comorbilidades o por presentar un prondstico muy
desfavorable (113). En la figura 3 se muestra la tasa de mortalidad en

toda la cohorte y en los subgrupos con shock y conectados a VMI.

Figura 3: mortalidad en toda la cohorte y en los

subgrupos de pacientes con shock y VM.

50 + p =0.04 p <0.01
Case Group
40 - 0=0.04 Control Group
30 A
20 p=ns
1
p=ns
10 -
O T T T T 1
Overall IMV No IMV Shock No shock

84

Ll
L]



Los resultados del presente andlisis muestran una asociacidon entre
tratamiento antibiético combinado y disminuciéon de la mortalidad, en
linea con los resultados obtenidos en otros estudios (120-123); sin
embargo, la totalidad de estos estudios incluia Unicamente pacientes con
neumonia y shock secundario. Nuestros resultados muestran una mayor
supervivencia en los pacientes que reciben tratamiento combinado en
toda la poblacion a estudio, en el subgrupo de pacientes con shock y de
pacientes conectados a VMI; este resultado sugiere como el tratamiento
combinado podria beneficiar todos los pacientes ingresados en UCI, y no
solo los pacientes con neumonia y shock.

Pese a los estudios disponibles, todavia no esta clara la razéon del
beneficio de la terapia antibidtica combinada; posibles explicaciones son:
cobertura frente a microorganismos atipicos, mas probabilidad de cubrir
bacterias resistentes a antibidticos, efecto sinérgico de los dos
antibidticos, el efecto antiinflamatorio propio de algunas familias
antibidticas (123). En el presente estudio, ya que todos los casos eran de
etiologia neumocdcica, es razonable asumir que la disminucién de Ia
mortalidad no es debida a la cobertura de otros microorganismos o a las
resistencias bacterianas.

Otra conclusion obtenida en el presente analisis es la asociacidon entre
reduccion de la mortalidad y administracién precoz de la primera dosis
de antibidtico. En general, los estudios anteriores que no encontraron
diferencias en mortalidad tras la administracion precoz de la primera
dosis de antibidtico no diferenciaban entre paciente critico y no critico
(124,125).

Por otro lado, se ha demostrado ampliamente como la administracion

precoz de antibidtico se asocia a una reduccion de la mortalidad en
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pacientes con sepsis grave o shock séptico, independientemente del
origen de la infeccion (89,116,117). La actualizacion de 2012 de la
Surviving Sepsis Campaign recomienda en este sentido administrar la
primera dosis de antibidtico lo antes posible, idealmente en la primera
hora tras el diagndstico (88).

En el presente articulo se documentd una disminucién significativa de la
mortalidad en pacientes con neumonia grave neumocdécica que
recibieron tratamiento antibidético combinado de forma precoz; a la luz
de los presentes resultados, cada paciente que acude a urgencias y que
se diagnostica de neumonia comunitaria grave neumocodcica deberia
recibir dos antibidticos de forma precoz. En las figuras 4 y 5 se muestran
las curvas de supervivencia Kaplan-Meier en toda la cohorte y en los
subgrupos de pacientes con shock y conectados a VMI, tras
estratificacion entre recibir uno o dos antibidticos y antibioticoterapia

precoz y tardia.

Figura 4: supervivencia en toda la cohorte y en los pacientes con shock y

VMI, tras estratificar por tratamiento combinado o monoterapia.
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Figura 5: supervivencia en toda la cohorte y en los pacientes con shock y

VM, tras estratificar por antibioticoterapia precoz versus tardia.
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Las pautas antibidticas administradas en los dos grupos presentan
diferencia significativas; la mas importante es que durante el periodo de
estudio del CAPUCI | no se administrd azitromicina, un potente
macrélido. Esto es debido a que en los afos de realizacidon del estudio
CAPUCI | la formulacion parenteral de azitromicina no estaba disponible.
Ademads, en el grupo CAPUCI | se usdé de forma mds generalizada
antibioticoterapia de amplio espectro; se usaron mas familias de
antibidticos y la adherencia a las recomendaciones fue menos frecuente
(80.0% versus 47.6%). Se analizd si diferentes pautas antibidticas se

asociaban a mortalidad diferente, sin encontrar diferencias significativas.

En resumen la mortalidad por neumonia neumocécica grave disminuyd
en los ultimos anos de hasta un 15%; el aumento de la supervivencia se
asocié a un uso mas generalizado de tratamiento antibiético combinado
y la administracion precoz de la primera dosis de antibidtico. Otros
estudios previamente analizaron esta asociacion, pero el presente es el
primer estudio que analiza estas asociaciones en una muestra

homogénea de pacientes criticos, sin analizar inicamente pacientes con
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shock séptico.

Segundo articulo original de la tesis: Estudio caso-control que evalua
cambios de mortalidad tras la administracion de uno o dos antibidticos
y de antibioticoterapia precoz o tardia, en una muestra de pacientes
con neumonia grave bacteriana no neumocdcica.

El segundo estudio realizado tenia como finalidad investigar los mismos
objetivos que el primero, pero en una poblacidon diferente. Se buscaron
eventuales diferencias de mortalidad entre los dos grupos de pacientes
con neumonia comunitaria grave bacteriana no neumocdcica, y si la
administracion de dos antibidticos de forma precoz se asociaba a
diferente mortalidad.

El resultado mas significativo fue una disminucién del 18% de Ia
mortalidad en UCI entre los dos periodos a estudio, ademds de confirmar
una asociacion positiva entre la administracion precoz de dos antibiéticos
y reduccién de la mortalidad en UCI.

Revisando la literatura, no se encontraron estudios que analicen la
evolucidn de la mortalidad en la neumonia comunitaria grave bacteriana
no neumocodcica. Ademads, al igual que en casos de estudios sobre
pacientes con neumonia neumocdcica, no se diferencia entre neumonia
leve, moderada o grave. Esto es importante porque la proporcién de
pacientes con neumonia moderada o grave puede ser diferente en los
diferentes estudios, y los desenlaces clinicos varian de forma significativa
entre casos de neumonia leve, moderada o grave (36). El estudio que
llevamos a cabo incluye Unicamente casos de neumonia grave, con una
alta incidencia de shock séptico (59.7%) o necesidad de ventilacion

mecanica (73.6%), garantizando una suficiente homogeneidad de la
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muestra con respecto a otras muestras de pacientes criticos. La figura 6
indica la mortalidad en toda la cohorte y en los subgrupos de pacientes

con shock o conectados a VMI.

Figura 6: mortalidad en toda la cohorte y en los

subgrupos de pacientes con shock y VMI.
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Tras una busqueda exhaustiva en la literatura, no encontramos estudios
gue exploren los desenlaces clinicos en pacientes con neumonia grave,
dependiendo de la etiologia. Es relevante destacar como durante el
apareamiento entre los grupos CAPUCI | y Il no establecimos a priori un
numero especifico de pacientes en funcion de la etiologia. Lo que se hizo
fue identificar y comparar las variables establecidas para el

apareamiento, e introducir en los grupos de los casos y controles solo los
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pacientes con una coincidencia de la totalidad de las variables a estudio.
Notablemente, la distribucién de las etiologias halladas en los dos grupos
tiene la misma distribucion de las etiologias reportadas en la literatura,
confirmando la reproducibilidad externa de la seleccion de la muestra de
los grupo de casos y controles, con respeto a los grupos de las bases de
datos CAPUCI | y Il (36,126). En la figura 7 se indica la mortalidad en

funcién de la microbiologia.

Figura 7: mortalidad en toda la cohorte dependiendo de la etiologia.
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Tras confrontar la mortalidad dependiendo de la etiologia de la
neumonia se observd aumento de la supervivencia entre las dos
temporadas en caso de infeccidon por Staphylococcus aureus,
Haemophilus influenzae, Pseudomonas aeruginosa, Escherichia coli y
Enterobacter aerogenes. No se observaron cambios en caso de infeccion
por Klebsiella pneumoniae y se documento aumento de mortalidad en
caso de neumonia por Legionella pneumophila. Como regla general es
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razonable plantear la hipdtesis que en nuestra muestra la reduccion de la
mortalidad sea debida a un mayor uso de antibioticoterapia empirica
combinada y precoz. En el caso de neumonia por Klebsiella, debido al
numero reducido de casos (4 casos por grupo, con un 50% de mortalidad
en ambos grupos), no es posible sacar conclusiones definitivas.
Finalmente, en el caso de neumonia por Legionella pneumophila, se
observd un aumento de la mortalidad entre los dos grupos. En ambos
grupos hubo un total de 15 pacientes con neumonia por Legionella: 3 de
15 y 5 de 15 fallecieron respectivamente en los grupos CAPUCI | y Il. De
los pacientes fallecidos, 2 individuos sobre 3 del grupo CAPUCI |
recibieron un tratamiento adecuado (un paciente recibié una pauta con
betalactdmico y quinolona mientras que el otro recibié una pauta con
betalactdamico y macrélido); por otro lado, en el grupo CAPUCI II, 3
pacientes fallecidos sobre 5 recibieron un tratamiento adecuado (todos
recibieron una pauta con betalactdmico y un macrélido). Por otro lado,
todos los pacientes excepto uno, perteneciente al grupo CAPUCI I,
recibieron tratamiento no precoz. Debido al reducido nimero de
pacientes, consideramos que no es posible sacar conclusiones ante los
resultados obtenidos, posiblemente el caso, o algun otro factor no
dependiente de la antibioticoterapia sea responsable del cambio de
mortalidad. Las diferentes pautas de antibidticos que recibieron los
pacientes podria contribuir al cambio de mortalidad, pero otra vez
debido al reducido niumero de pacientes fallecidos no es posible sacar
conclusiones definitivas. En un estudio publicado por nuestro grupo de
investigacion se observd disminucion de mortalidad en pacientes con
Legionella pneumophila y shock séptico que recibian tratamiento

antibidtico combinado (127).
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ICU mortality

Otro resultado significativo es la asociacion entre disminucidon de
mortalidad y la optimizacién de tratamiento antibidtico, o sea la
administracion de antibioticoterapia combinada y la administracion
precoz de la primera dosis de antibidtico.

El tratamiento antibidtico combinado es una practica comun en el
tratamiento empirico de la NACG (36), segln nuestros conocimientos no
hay ninguna recomendacidén internacional que recomienda monoterapia
en la NACG. En general, la recomendacion es de administrar un
betalactdmico asociado a un macrélido o una quinolona. En el grupo
CAPUCI | se administr6 monoterapia en 17 pacientes (23.6%) y en 7

pacientes (9.7%) en el grupo CAPUCI Il.

Figura 8: supervivencia en toda la cohorte y en los pacientes con shock y

VMI, tras estratificar por tratamiento combinado o monoterapia.
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Los analisis univariante, multivariante y las curvas de supervivencia
Kaplan-Meier (figura 8) confirmaron la asociacién entre administracién

de tratamiento antibidtico combinado y reduccidon de la mortalidad.
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Estudios previos observaron los mismos resultados en pacientes con NAC
y shock secundario o bacteriemia (121,123).Nuestros resultados
confirman estos hallazgos y, ademas, sugieren que todos los pacientes
con NACG, con o sin shock o necesidad de ventilacion mecdnica se
beneficiarian de tratamiento antibidético combinado. Aunque pueda
parecer una conclusiéon esperable, una proporcién considerable de
nuestra muestra recibio monoterapia; de la misma forma, en otros
estudios se realizé la misma observacion (93-96).

Hoy en dia, todavia no esta claro cual es la pauta antibidtica empirica
dptima en la NACG; algunos autores recomiendan administracién de una
pauta con macrdlido, debido al efecto antiinflamatorio que poseen estas
moléculas (84). Sin embargo, no todos los estudios alcanzaron resultados
similares. Aunque en nuestra cohorte el tamafio reducido de la muestra
hace dificil explorar este asunto, intentamos explorar si la administracion
de una especifica familia de antibidticos se asociaba a diferente
mortalidad, en toda la poblaciéon, y en los subgrupos de pacientes con
shock o conectados a VM, sin obtener diferencias significativas. Ademas,
varios estudios concluyeron que la administracion de un régimen con
betalactamico asociado a una quinolona condicionaria una supervivencia
parecida a un régimen con macrélidos, pero con una mejor tasa de
erradicacion, una tasa inferior de fracaso de tratamiento y posiblemente
menos costes sanitarios (79). Por otro lado, algunos estudios sugieren
que la administracion de quinolonas se asocie a una mayor aparicion de
resistencias bacterianas (67). Finalmente, en caso de un entorno social
con alta prevalencia de infeccion respiratoria por Mycobacterium
tuberculosis, el uso de quinolonas podria enmascarar una tuberculosis

pulmonar en vez que una NAC bacteriana (128).
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En nuestra muestra la administracion de quinolonas mostré una
tendencia de menor mortalidad, sin alcanzar diferencias significativas, en
toda la cohorte y en los subgrupos de pacientes con shock o conectados
a VMI. De acuerdo a los resultados disponibles en la literatura y de los
resultados obtenidos en el estudio presente, no es posible recomendar
una pauta antibidtica especifica.

En 2006, Kumar et al. observaron que en pacientes con shock de
cualquier origen la tasa de mortalidad incrementaba al aumentar el
tiempo de la primera dosis de antibidtico (89). Estudios posteriores
confirmaron estos hallazgos (117). Como se muestra en el analisis
Kaplan-Meier (figura 9), la administracién precoz de la primera dosis de
antibidtico se asocid a reduccién de la mortalidad no solo en los
pacientes con shock, sino en los pacientes conectados a VMI y en toda la

cohorte.

Figura 9: supervivencia en toda la cohorte y en los pacientes con shock y

VM, tras estratificar por antibioticoterapia precoz versus tardia.

— 1.0 +—— 1.0 +———
—— i [
i_ . |
N L
o 1 l_]‘_ _L_|__
1 0.8 i 0.8 4 l—
[ - ‘__{ 1_1___“—_
e . _
Z 06 - T £ 06 -
3 [ 3
£ £
S S
£ £
o> 0.4 4 5 04
Q Q
0.2 4 0.2 4
T T T T T T T 0.0 T T T T T T T 0.0 T T T T T
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10
Time (days) Time (days) Time (days)

Antibiotic <3 hours —
Antibiotic >3 hours — —

94



En vista de estos resultados, cada paciente que acude a urgencias por
NACG bacteriana no neumocdcica, deberia de recibir la primera dosis de
antibidticos durante las primeras 3 horas de la admision. De hecho, las
recomendaciones IDSA/ATS de 2007 recomiendan iniciar el tratamiento
antibidtico antes de que el paciente sea trasladado desde urgencias a la
planta o a la UCI (36).

Otro aspecto de interés es la asociacidon que encontramos en el andlisis
multivariado entre la adherencia a las recomendaciones IDSA/ATS
publicadas en 2007 y la reduccidn de la mortalidad en UCI. Sin embargo,
a la hora practica, las recomendaciones indican administrar de forma
precoz un tratamiento antibiético combinado con familias antibidticas
especificas; por esta razén, para explorar de forma mas detallada el
efecto de simples acciones médicas con respecto a la mortalidad,
decidimos separar la variable: “tratamiento adecuado segun las
recomendaciones IDSA/ATS de 2007” en dos ulteriores variables:
“tratamiento antibidtico combinado” y “administracion precoz de la
primera dosis de antibidtico”. Como consecuencia, cuando al modelo
multivariado que incluia la variable “tratamiento adecuado segun las
recomendaciones [IDSA/ATS de 2007” se afiadian la variables
“tratamiento antibidtico combinado” y “administracion precoz de la
primera dosis de antibidtico”, la asociacién entre la adherencia a las
recomendaciones ya no era significativa. Esto podria sugerir que la suma
de acciones que implican la adherencia a las recomendaciones es mas
importante que investigar la variable “adherencia a las recomendaciones

IDSA/ATS de 2007”.
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En resumen, mediante el presente estudio hemos observado que la
mortalidad por neumonia comunitaria grave bacteriana no neumocécica
disminuyé entre los dos grupos a estudio; ademas, la administracion de
dos antibidticos de forma precoz se asocid a una reduccidon de la
mortalidad, en toda la cohorte y en los subgrupos de pacientes con shock
y conectados a VMI. En vista de los resultados obtenidos, todos los
pacientes que acuden a urgencias con NACG bacteriana deberian recibir

dos antibidticos de forma precoz.

Perspectivas de futuro

Los resultados presentados en esta tesis, asi como los datos discutidos,
apoyan la administracion de dos antibiéticos de forma precoz en todos
los pacientes que acuden a urgencias con NACG bacteriana neumocécica
y no neumocdcica. Sin embargo y a la luz de los resultados actuales y de
los datos publicados en la literatura, es imposible no plantearse una serie
de interrogantes dificiles de responder en este momento y que quedaran
pendientes para los afos venideros. En este ultimo apartado de Ia
discusién, he querido al menos deliberar sobre varios de estos

interrogantes.

é¢Hay margen para una ulterior disminucion de la mortalidad en los
préximos afios en la neumonia comunitaria grave bacteriana?

Si bien varios estudios realizados en los afios pasados concluyen que la
mortalidad por neumonia no ha cambiado significativamente en las
ultimas décadas (106,107), existen otros articulos que documentan una
disminucion de la mortalidad en casos de infeccion grave de forma

independiente del foco infeccioso (111-113).
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Como ya se ha mencionado, la mayoria de los estudios que investiga la
evolucion de la mortalidad por neumonia en las ultimas décadas se
realizaron a partir de andlisis retrospectivos de registros demograficos
nacionales o internacionales. En este tipo de andlisis no se registran
datos fundamentales como son la gravedad de la neumonia, la presencia
de shock séptico, la necesidad de ventilacion mecdnica invasiva, la
situacion clinica global del paciente, la eventual presencia de orden de no
realizacion de RCP. Por estas razones, la interpretacion de estos
resultados es compleja y deberia de realizarse con cautela.

Por otro lado, aunque actualmente se desconocen varios de los
mecanismos fisiolégicos que se activan en caso de sepsis grave y shock
séptico, cada dia aumenta el nimero de articulos que intenta explorar
este tema. Estudios sobre la activacién e inhibicidon del sistema inmune
(129), los cambios bioquimicos y hormonales (130), y el aumento o
disminucion de especificos mediadores de la inflamacion (131,132), se
han publicado. Un estudio reciente identificd variantes genéticas que se
asocian a una mayor supervivencia en pacientes con sepsis o shock
séptico (133). Ademas, varios estudios confirmaron disminucion de
mortalidad en caso de sepsis grave y shock séptico de cualquier foco en
consecuencia a una mayor adherencia a las recomendaciones
internacionales (114,115), un mejor empleo de los recursos
farmacoldgicos (89,116,117), un mejor manejo de la resucitacion del
shock séptico (88), un uso mas generalizado de ventilacion mecanica
protectora (118,119) y finalmente una mayor tasa de pacientes no
ingresados en UCI por orden de no RCP por presencia de comorbilidades
o por presentar un prondstico muy desfavorable (113).

Debido a la continua evolucion de los conocimientos fisiopatoldgicos de
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los pacientes criticos, y gracias a la cada vez mayor disponibilidad de
nuevas moléculas farmacoldgicas, nuevos medicamentos vasopresores e
inotropos, nuevas modalidades de ventilacion mecanica menos invasivas
y con menos efectos adversos, disponibilidad de formulas nutricionales
mds completas y adaptadas a pacientes criticos, es razonable pensar que
sea posible mejorar el cuidado de los pacientes criticos con neumonia
comunitaria grave bacteriana, y en consecuencia disminuir su

mortalidad.

¢, Hay margen para una ulterior disminucion de la mortalidad en los
prOximos afios en la neumonia comunitaria grave bacteriana

dependiendo del tratamiento antibiOtico empirico?

La administracidon del tratamiento antibidtico empirico en la neumonia
comunitaria grave es un momento fundamental en el manejo de la
enfermedad. Como previamente observado, varios estudios se
publicaron investigando la adherencia a las recomendaciones
internacionales, reportando tasas de adherencia de entre un 20 y 100%
(93-96). Las causas propuestas para justificar la falta de adherencia fue la
diferencia entre el paciente a tratar y el la patologia descrita en la
recomendacioén, presencia de insuficiencia renal o hepatica, los costes
excesivos de algunos antibidticos y la diferencia entre la flora local y las
recomendaciones internacionales (97).

Para profundizar conocimientos sobre las causas de falta de adherencia a
las guias con respecto al tratamiento antibiético empirico decidimos
realizar un estudio observacional en forma de encuesta clinica dirigida a
médicos de UCI y sometiéndole un caso clinico de neumonia comunitaria

grave (134). En la encuesta, realizada a 36 médicos empleados en UCl y
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con experiencia en enfermedades infecciosas, se pedia indicar el
tratamiento empirico en un caso clinico ficticio de NAC. Se registré el
numero y la familia de antibidticos administrados, y se compard el
resultado con las indicaciones proporcionadas por las recomendaciones
IDSA/ATS.

Las pautas de antibiéticos mas frecuentemente indicadas fueron una
asociacion entre ceftriaxona/cefotaxima y un macrdlido y ceftriaxona/
cefotaxima asociado a una quinolona respiratoria. En la tabla 1 se indican

los antibidticos pautados.

Tabla 1: indicacion antibidtica en la encuesta clinica.

Antibiotic prescription, dose and duration in the case of community-acquired pneumonia

Antibiotic N indcatons D' commendion < 7day 7210 days 2 10 days
Beta-lactams 29/68 (42.7)
Ceftriaxone 20/68 (29.4) 20(2.0-35) 19/20 (95.0) 020 (0) 17/20 (85.0) 3/20 (15.0}
Cefepime 5/68 (7.4) 6.0 (5.0-6.0 4/5 (80.0} 0/5 (0) 3/5 (60.0) 2/5 (40.0)
Meropenem 4/68 (5.9) 30(1.9-3.0) 3/4 {75.0} 0/4 (0) 3/4 (75.0) 1/4 (25.0)
Macrolides 19/68 (27.9)
Clarithromycin 10/68 (14.7) 1.0(09-1.0} 8/10 (80.0} 0/10 {0) 8/10 (80.0) 2/10{20.0}
Azithromycin 9/68 {13.2} 05(05-1.0 9/3 (100) 0/ (0) 7/9(77.8} 2/8(22.2)
Quinolones 8/68 (11.8
Levofloxacin 4/68 (5.9) 0.8(06-08) 3/4{75.0 074 10) 474 {100) 0/4 {0)
Moxifloxacin 4/68 (5.9) 0.4(04-13) 4/4 (100) 0/4 (0) 474 {100) 0/4 (0)
Glycopeptides 4/68 (5.9)
Vancomycin 4/68 (5.9) 20(20-20) 4/4 (100) 0/4 (0) 3/4 (75.0) 1/4 (25.0)
Others 8/68 (11.8)
Results are expressed as the absolute values and percentages: n (%); * result is expressed as the median and interguartile range

A destacar, en 11 casos sobre 36 (31%) la prescripcion fue adecuada con
respeto a las indicaciones internacionales. De los 25 episodios de
tratamiento no adecuado en 4 se indic6 monoterapia, en 10 la pauta
antibidtica tenia actividad frente a Pseudomonas aeruginosa o
Staphylococcus aureus meticilina-resistente, mientras que en 11 se indico
la administracion combinada de antibidticos no indicados en las

recomendaciones (tabla 2).
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Tabla 2: adherencia a las recomendaciones internacionales.

Infectious Disease Society of America/American Thoracic Society recommendations and reasons for non-adherence

Clinical case Adherence to recommendations Case 1 - Reasons for non-adherence
" . multiR Non-indicated
Complied Not complied  Monotherapy coverage AB
C“"‘"‘“”"‘Y‘a(':‘;:;‘j" pneumonia 11736 (306)  25/36(69.4)  4/25(160)  10/2540.0)  11/25 (44.0)
Results are expressed as the absolute values and percentages: n (%). multiR - multiresistant; AB - antibiotic

Estas conclusiones, en linea con los resultados obtenidos en otros
estudios (93-96), tiene implicaciones muy importantes ya que, como se
ha mencionado previamente, una baja adherencia a las
recomendaciones terapéuticas se asocia a mayor morbilidad y

mortalidad, asi como a un aumento en los costes sanitarios (88,92).

¢Cual es el mecanismo que justifica una reduccion de la mortalidad tras
administracion de tratamiento antibidtico combinado en la neumonia
comunitaria grave bacteriana, y cudl es la asociacion optima para
asegurar una disminucién de la mortalidad en la NACG bacteriana?

El argumento mas importante para justificar la administracion de
antibioticoterapia combinada en pacientes con neumonia es cubrir de
forma empirica microorganismos tipicos y atipicos. Sin embargo, varios
estudios obtuvieron resultados contrastantes y en formas leves y
moderadas de neumonia la administracion de monoterapia ha
demostrado asociarse a la misma mortalidad cuando comparado con
antibioticoterapia combinada.

Pacientes con neumonia leve a moderada que presentan factores de
riesgo de mala evolucién clinica, pacientes con neumonia y bacteriemia
son los que mas se benefician de tratamiento antibiético combinado, en

este caso la cobertura de microorganismos atipicos con tratamiento
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combinado se asocié a menos costes de tratamiento, mayor tasa de
erradicacion microbiolégica y resolucion clinica, y disminucion de la
mortalidad (135). Un ensayo clinico recién publicado no encontro
diferencias en mortalidad tras comparar pacientes con neumonia
comunitaria con PSI score de IV o V que recibian moxifloxacino
comparado con una pauta de tratamiento antibidtico combinado; sin
embargo, el porcentaje de pacientes con shock o conectados a VMI era
escasa, y no todos los pacientes eran ingresados en UCI (79). Por otro
lado, en el caso de pacientes con neumonia ingresados en UCI, vy
especialmente en los subgrupos de pacientes con shock secundario, el
uso de tratamiento combinado en general se asociaba a una mortalidad
inferior; se demostré que la falta de cobertura para microorganismos
atipicos en caso de neumonia comunitaria que requiere ingreso en UCl se
asocia a mayor mortalidad (136).

Ademas de la cobertura de agentes atipicos, otras hipdtesis fueron
propuestas para justificar la disminucion de la mortalidad, cuales la
cobertura de microorganismos no identificados en los cultivos, el efecto
sinérgico de algunas pautas antibidticas, una mas rapida disminucion de
la carga bacteriana, el efecto antiinflamatorio que poseen algunos
antimicrobianos (137).

En vista de los resultados obtenidos en nuestro analisis, parece poco
probable que la cobertura de agentes no identificados en los cultivos sea
la causa de la disminucion de la mortalidad. Los estudios CAPUCI | y Il se
realizaron con la finalidad de profundizar los conocimientos en la
neumonia comunitaria grave, y estudiar las caracteristicas del
tratamiento antibidtico para intentar mejorar el cuidado de nuestros

pacientes. Aunque el manejo del paciente no estaba estandarizado ni
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protocolizado, el esfuerzo diagndstico para identificar el microorganismo
era considerable, con un promedio de 2 a 3 muestras recogida por cada
pacientes (datos no presentes en las tablas). En consecuencia, es poco
probable que muchos pacientes tuvieran co-infecciones por
microorganismos no identificados.

Tras realizar una revision de la literatura, no se encontraron estudios que
valoraban in vivo posibles sinergias antibidticas en individuos con
neumonia comunitaria; por otro lado, escasos estudios valoran la
sinergia antibidtica, y en general no se encontraron pautas antibidticas
utiles para el tratamiento de la neumonia que presenten un efecto
sinérgico. De la misma forma, no identificamos en la literatura estudios
finalizados a estudiar el cambio de la carga bacteriana tras la
administracion de regimenes de antibidticos en monoterapia o de
tratamiento combinado.

Finalmente, varios estudios realizados in vitro e in vivo (84,85)
concluyeron que la administraciéon de una asociacidon con macrélido se
asocia a una reduccion de la mortalidad, y que esta asociacion podria ser
condicionada al efecto antiinflamatorio que se demostré poseer la
familia de los macrélidos (138). Si bien no todos los estudios realizados
en pacientes criticos confirmen esta asociacion, se podria postular que
los casos que mas se benefician del efecto antiinflamatorio de los
macrélido sean aquello pacientes con un elevado estado proinflamatorio,
que podrian representar un subgrupo de los pacientes con shock.
Desafortunadamente, no existen en la actualidad ensayos clinicos
aleatorizados finalizados al estudio de este aspecto. Aunque de
momento no hay evidencia suficiente para recomendar una pauta

antibiotica especifica, un metaanalisis publicado en 2014 por Sligl et al.
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(84) que incluye 28 estudios observacionales realizados en pacientes
ingresados en UCI concluye que la asociacidon de un betalactdmico y un

macrélido es la pauta que se asocia a menos mortalidad.

¢Cual es el mecanismo que justifica una reduccion de la mortalidad tras
la administracion de tratamiento antibiotico precoz?

En 2006, Kumar et al. publicaron un estudio realizado en pacientes con
shock séptico de cualquier foco, concluyendo que al aumentar el tiempo
de retraso de la administracion de la primera dosis de antibidtico se
asociaba con un aumento linear de la mortalidad (89). Previamente
varios estudios realizados en modelos animales obtuvieron las mismas
conclusiones. Ademas, varios estudios sugirieron una ventana de tiempo
limitada para el tratamiento eficaz del shock, de cualquier tipo. El estudio
de Wiggers (139), publicado hace anos, demostré que en animales con
shock hemorragico la posibilidad de recuperacién disminuia con el pasar
de las horas, siendo imposible alcanzarla tras transcurrir varias horas del
inicio del shock. En general, en la practica clinica diaria, son muchas las
situaciones en que el tiempo es fundamental: shock hipovolémico en el
paciente traumatoldgico (140), shock cardiogénico tras el infarto de
miocardio (141), y shock obstructivo en caso de trombo-embolismo
pulmonar masivo (142).

En el caso de neumonia grave, con shock o sin shock, el mecanismo que
justifica la disminucion de mortalidad tras administracion precoz de la
primera dosis de antibidtico podria ser el mismo postulado en los
estudios anteriores: intervenir con medidas farmacoldgicas ante una

situacion en que los mecanismos de defensa del organismo no podrian
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compensar el desajuste fisioldgico, a causa de la gravedad de la patologia

o por la debilidad de las defensas.

éCual es el impacto del tratamiento antibiético combinado sobre la
emergencia de nuevas resistencias a antibiéticos?

Si bien hay muchos mecanismos que conducen a la apariciéon de nuevas
resistencias bacterianas, una excesiva presidon antibidtica y un uso
inadecuado de moléculas antibidticos representan los factores de riesgo
de mayor peso para la aparicidon de nuevas resistencias.

Por un lado, aunque las quinolonas en algunos estudios han demostrado
un mayor poder de erradicacion microbioldgica (143), una mas efectiva
tasa de curacidon clinica (144) y posiblemente menos costes de
tratamiento (145,146), parece que la tasa de nuevas resistencias
bacterianas aumente tras empleo de quinolonas comparado con otras
familias de antibidticos (67). Adem3ds, en caso de contexto social con
elevada tasa de tuberculosis pulmonar, la administraciéon de quinolonas
como tratamiento empirico de una neumonia, podria enmascarar un
tuberculosis pulmonar, con el riesgo de un tratamiento no adecuado y el
desarrollo de cepas de Mycobacterium tuberculosis multirresistente
(128).

Tras revisar en la literatura cientifica, el Unico estudio que encontramos
gue compara desenlaces clinicos en neumonia grave tras administracion
de monoterapia o terapia combinada, y que explora el desarrollo de
resistencias en funcion de la pauta recibida, no encontro diferencias en
cuando a nuevas resistencias después de administrar uno o dos
antibidticos (83). Nuevos estudios finalizados a explorar este tema

deberian de realizarse para aclarar un tema tan importante.
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Vil. LIMITACIONES
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LIMITACIONES

El trabajo que aqui se ha presentado tiene una serie de limitaciones que
deben mencionarse.

La primera de ellas es la naturaleza observacional del estudio. De hecho,
la prescripcién de los antibidticos y todas las acciones médicas para el
manejo clinico de la neumonia no fueron estandarizadas y fueron
establecidas por el médico responsable del paciente. Por otro lado, de
cara a minimizar este problema se realizé un estudio control con
apareamiento exacto, de forma que las caracteristicas clinicas mas
relevantes de cara a los desenlaces clinicos eran superponibles (tablas 1y
2 del estudio 1, tabla 1 y 2 del estudio 2). Ademas, para evitar un sesgo
de seleccidon se compard la mortalidad entre los pacientes seleccionados
para el apareamiento y los restantes pacientes del grupo de pertenencia,
sin observarse diferencias significativas (figura 1 de articulo 1 y figura 2
de articulo 2).

Otra limitacidn significativa es que en los ultimos afios se han
implementado mejoras significativas en cuanto al cuidado de los
pacientes criticos. Aspectos como son una mejor resucitacion de la sepsis
grave y del shock séptico, una VMI menos agresiva y asociada a menos
complicaciones, una mas rapida y eficaz nutricidn, la disponibilidad de
nuevos farmacos antimicrobianos y no antimicrobianos ha permitido
disminuir la mortalidad global de los pacientes ingresados en UCI.
Aunque los mayores determinantes de mortalidad fueron introducidos
como co-variadas en el analisis multivariado, no fue posible introducir
todas las variables que podrian jugar un papel significativo en la

disminucioén de la mortalidad.
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El riesgo estimado de fallecimiento se estimé de forma diferente en las
dos cohortes; en el estudio CAPUCI | se uso la escala APACHE II, mientras
gue en e CAPUCI Il se usd la escala SAPS Ill. Las dos escalas fueron
validadas en amplias cohortes procedentes de diferentes regiones de
mundo (147,148). Tras estimar el riesgo de fallecimiento mediante las
dos escalas creamos una variable llamada “riesgo estimado de
fallecimiento”, que permitié comparar la mortalidad prevista entre los
dos grupos.

A destacar que las UCI que participaron al estudio CAPUCI | no son las
mismas del CAPUCI Il; en el primer estudio participaron 33 UCIs
espanolas mientras que el estudio CAPUCI Il fue llevado a cabo en 29
UCIs de Europa, 24 desde Espaina y 5 Europeas. Esto podria condicionar
un sesgo de seleccién de pacientes. De todas maneras, después de
realizar el apareamiento de pacientes, en ambos articulos publicados,
observamos que todos los pacientes procedentes del estudio CAPUCI I
procedian de UCIs espafiolas. De esta forma, el riesgo de sesgo de
seleccion de pacientes es minimo y no deberia de afectar a los

resultados.
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CONCLUSIONES

Como conclusién, el presente trabajo documenta una reduccion de la
mortalidad por neumonia comunitaria grave bacteriana neumocdcica y
no neumocodcica entre los dos periodos a estudio. Ademads, la
administracién precoz de la primera dosis de antibidtico y la
administracién de antibioticoterapia empirica combinada presentaron

una asociacién positiva con la disminucién de la mortalidad en UCI.

Objetivo principal

Explorar si en las ultimas décadas hubo cambios en la tasa de
mortalidad por neumonia bacteriana grave adquirida en la comunidad.

La tasa de mortalidad en UCI presentd una significativa reduccién entre
los dos periodos a estudio. En caso de neumonia neumocécica grave la
disminucion de mortalidad entre el periodo 2000-2002 y el periodo 2008-
2014 fue de un 15%; en caso de neumonia bacteriana no neumocdcica la
disminucion fue de un 17%.

Esta tendencia se confirmd en toda la cohorte y en los subgrupos de
pacientes con shock séptico secundario y conectados a ventilacidon

mecanica.

Objetivo secundario

Estudiar si la administracion de dos antibioticos se asocia a una
disminucion de la mortalidad en pacientes con neumonia comunitaria
bacteriana grave.

En caso de neumonia bacteriana grave neumocdcica y no neumococica
se observo disminucion de la tasa de mortalidad tras administracion de

dos antibidticos. Esta tendencia se confirmé en toda la cohorte y en los
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subgrupos de pacientes con shock séptico secundario y en pacientes
conectados a ventilacion mecdnica invasiva. A la luz de los resultados
obtenidos todo paciente que acude a urgencias con neumonia
comunitaria grave bacteriana, neumocdcica o no neumocdcica, deberia
de recibir dos antibidticos de forma empirica. Dependiendo de la
evidencia actualmente disponible en la literatura, no existe una pauta
superior a otra, aungque parece que la administracion de una asociacion

de un betalactdamico y un macrdlido podria ser la mds adecuada.

Objetivo terciario

Estudiar si la administracion precoz de la antibioticoterapia empirica se
asocia a una disminucidon de la mortalidad en pacientes con neumonia
comunitaria bacteriana grave.

En caso de neumonia bacteriana grave neumocdcica y no neumocdcica la
administracion de la primera dosis de antibidtico durante las primeras
tres horas tras la llegada a urgencias se asocidé a disminucidon de la
mortalidad. Esta tendencia se confirmé en toda la cohorte y en los
subgrupos de pacientes con shock y conectados a ventilacién mecanica
invasiva. Frente a los resultados obtenidos, cualquier paciente que acude
a urgencias con neumonia comunitaria grave bacteriana, neumocdcica y
no neumocdcica, deberia de recibir la primera dosis de antibidtico
durante las primeras tres horas de la admision. La recogida de muestras
microbioldgicas no deberia de retrasar el comienzo de |la

antibioticoterapia.
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KEYWORDS Abstract

Severe Objectives: To compare intensive care unit (ICU) mortality in patients with severe community-
community-acquired acquired pneumonia (SCAP) caused by Legionella pneumophila receiving combined therapy or
pneumonia; monotherapy.

Legionella Methods: A prospective multicenter study was made, including all patients with sporadic,
pneumophila; community-acquired Legionnaires’ disease (LD) admitted to the ICU. Admission data and infor-
Legionnaires’ mation on the course of the disease were recorded. Antibiotic prescriptions were left to the
disease; discretion of the attending physician and were not standardized.

Combined antibiotic Results: Twenty-five cases of SCAP due to L. pneumophila were included, and 7 patients (28%)
therapy out of 25 died after a median of 7 days of mechanical ventilation. Fifteen patients (60%) pre-

sented shock. Levofloxacin and clarithromycin were the antibiotics most commonly used in
monotherapy, while the most frequent combination was rifampicin plus clarithromycin. Patients
subjected to combination therapy presented a lower mortality rate versus patients subjected
to monotherapy (odds ratio for death [OR] 0.15; 95%Cl 0.02-1.04; p=0.08). In patients with
shock, this association was stronger and proved statistically significant (OR for death 0.06; 95%ClI
0.004-0.86; p=0.04).
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¢ Members of the CAPUCI 2 Study Group are listed at the end of the text in Annex 1.
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Conclusions: Combined antibiotic therapy decreases mortality in patients with SCAP and shock
caused by L. pneumophila.
© 2012 Elsevier Espana, S.L. and SEMICYUC. All rights reserved.

Neumonia por legionella intrahospitalaria en la unidad de cuidados intensivos:
impacto sobre la supervivencia de la terapia antibiética combinada

Resumen

Objetivos: comparar la mortalidad de los pacientes ingresados en unidad de cuidados inten-
sivos (UCI) por neumonia comunitaria severa (NCS) causada por Legionella pneumophila que
recibieron tratamiento combinado o monoterapia.

Metodos: estudio prospectivo multicentrico que incluye los pacientes con Enfermedad del
Legionario comunitaria, esporadica, que requiere ingreso en UCI. Se recogieron datos en el
momento del ingreso y durante la evolucion en la UCI. El tipo y el numero de antibidticos a
administrar no fue estandardizado y fue decidido por el medico responsable del paciente.
Resultados: se incluyeron veinticinco casos de NCS causada por Legionella pneumophila, 7
pacientes (28%) de los 25 fallecio tras una mediana de 7 dias de ventilacion mecanica. Quince
pacientes (60%) presentaron shock. Los antibidticos mas prescritos en monoterapia fueron lev-
ofloxacino y claritromicina, mientras que la asociacion mas frecuente fue rifampicina mas
claritromicina. Los pacientes que recibieron tratamiento combinado presentaron una mortal-
idad inferior con respecto a los tratados con monoterapia (odds ratio para fallecimiento [OR]
0.15; 1€95% 0.02 hasta 1.04; p=0.08). En el subgrupo de pacientes con shock la asociacion fue
mas fuerte y estadisticamente significativa (OR para fallecimiento 0.06; 1C95% 0.004 hasta 0.86;
p=0.04).

Conclusiones: el tratamiento antibiotico combinado disminuye la mortalidad de los pacientes
con NCS y shock causados por Legionella pneumophila.

© 2012 Elsevier Espana, S.L. y SEMICYUC. Todos los derechos reservados.

Introduction

In patients with SCAP admitted to the ICU, mortality
ranges from 25% to 40%."~* In many series, Legionella spp.
ranks second after Streptococcus pneumoniae in the list
of causative agents of SCAP.>? The incidence of legionel-
losis has increased in the United States for the last
decades.'” Although it has been suggested that a pre-
sumptive diagnosis of LD may be done even in cases
of SCAP, most authors believe that clinical and labo-
ratory features of LD are not distinctive®®''-"3; that
is why empiric coverage of Legionella spp. is strongly
recommended in most international guidelines for mana-
gement of SCAP.'"%3 Once Legionella pneumophila has
been confirmed as the etiologic agent of severe pneumo-
nia some experts suggest that combined therapy would
be preferable to monotherapy, although there is no
solid evidence to confirm it."”''"'5 In case of com-
bined therapy, macrolide or fluoroquinolone in addition
with rifampicin is the approach that is usually sug-
gested; again, scientific evidence supporting this assertion
is scarce.'™'® To the best of our knowledge, only a
few monocentric and retrospective studies have focused
on ICU patients with SCAP due to L. pneumophila.'’-%!
Our hypothesis was that combination antibiotic therapy
improves outcome in critically ill patients with SCAP
caused by L. pneumophila; the primary outcome of
the present study was to compare ICU mortality; the
analysis was done in all patients admitted to the ICU
and subsequently only in patients with shock. Secondary

objectives were to document the epidemiology and ther-
apeutic options.

Patients and methods

CAPUCI study collected all patients admitted for SCAP to
thirty-three hospitals in Spain, from December 1st 2000 to
February 28th 2002.% In CAPUCI2 study, an ECCRN endorsed
project, data were recorded from patients admitted to ICU
for SCAP, from 2008 to 2011. We analyzed patients enrolled
in these large series to gain insight into the current therapy
and outcomes for severe CAP admitted in the ICU caused
by L. pneumophila. Informed consent was waived by the
ethics committee due to the observational nature of the
study. Patients were admitted to the ICU either to undergo
mechanical ventilation or because they were in an unstable
condition requiring intensive medical care.?* Patients with
severe chronic illness in whom pneumonia was an expected
terminal event were not included. At least one of the follow-
ing tests was required to establish a diagnosis of LD: isolation
of L. pneumophila from any respiratory sample culture on
buffered charcoal yeast extract selective medium; a positive
detection of urinary antigen test by enzyme immunoassay;
an indirect immunofluorescent antibody test showing a four-
fold increase in IgG antibodies, using a commercial ELISA
kit against L. pneumophila. The antibiotic prescriptions and
the decision to initiate monotherapy or combination ther-
apy were left to the discretion of the attending physician and
were not protocolized. Patients were observed until death or
ICU discharge. Data of antibiotic doses were not registered.
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Definitions

CAP was defined as an acute lower respiratory tract infec-
tion characterized by: (1) an acute pulmonary infiltrate on
chest X-ray, (2) confirmatory findings of a clinical exam-
ination, and (3) acquisition of the infection outside of a
hospital, long-term care facility, or nursing home. Diag-
nosis of active smoker, alcoholism and chronic obstructive
pulmonary disease (COPD) was done with criteria reported
elsewhere.?"?> Immunocompromise was defined as primary
immunodeficiency or immunodeficiency secondary to radi-
ation treatment, use of cytotoxic drugs or steroids (daily
doses of >20mg of prednisolone or equivalent for >2
weeks),?® or AIDS. Shock was defined as the need for
vasopressor during >4 h after fluid replacement; rapid radio-
graphic spread was defined as an increase in the size of
opacities on chest radiograph by >50% at 48 h. Monotherapy
was defined as administration of the same single antibiotic
during the first 2 days of ICU admission. Combination therapy
was defined as administration of the same two antibiotics
within the first 2 days of ICU admission.

Statistical analysis

ICU mortality was chosen as primary endpoint. All data
spreadsheets, analysis codes and outputs, were electron-
ically stored and archived. Data validation consisted of
searching out-of-range and missing values, and lack of
consistency between related variables detection. Gen-
eral characteristics obtained at baseline, risk factors and
other variables were compared and summarized. Qual-
itative variables were summarized using absolute and
relative frequencies for each group. Differences between
groups were tested using Fisher’s exact test. Quantitative
variables were summarized using mean, standard devia-
tion and valid cases for each group. Differences between

groups were tested using Mann-Whitney-Wilcoxon test.
The Kaplan-Meier product limit method was used to con-
struct survival curves for patients receiving combination and
monotherapy regimens. All statistical decisions were based
on a significance level of 5%. All data management and sta-
tistical analysis were performed using SPSS 15.0 (SPSS Inc.,
Chicago, IL, USA).

Results

Data from 779 ICU patients with SCAP were extracted. A
total of 25 patients with diagnosis of L. pneumophila pneu-
monia were recruited, of whom 15 (60%) presented with
shock on admission. All patients presented sporadic forms
of Legionnaires’ disease. Seven patients (28%) out of 25
died after a median of 7 days of mechanical ventilation;
all deceases were secondary to multi-organ failure and were
pneumonia-related. Median age of the patients was 55 years
and median APACHE Il score was 19. Thirteen patients (52%)
were smokers. The commonest comorbitiy conditions were:
cardiomyopathy (32%) and diabetes mellitus (20%). Nine-
teen patients (76%) required MV. Age was significantly similar
in patients with shock and without shock. Mean APACHE
Il score and length of stay had a trend to be higher in
group of patients with shock, but without achieving signifi-
cant statistic differences. Need for mechanical ventilation,
rapid radiographic spread and ICU mortality was significantly
higher in the shock subset. Acute kidney injury was doc-
umented in 2 patients (8%). Other baseline characteristics
of the study population are described in Table 1. Table 2
shows the diagnostic methods used for detecting infection
by Legionella spp.; 87.5% of patients were positive for anti-
gen urinary detection.

Ten patients were treated with monotherapy and 50%
of this group died: levofloxacin and clarithromycin were
the most administered antibiotics; each medication was

Table 1 Demographic characteristics of the study population.
Variable Shock (n=15) No shock (n=10) Total (n=25) p-Value
Age mean years, (SD) 54.7 (15.3) 53.7 (14.5) 54.3 (14.7) 0.91
Age >55 years, (n) % 7 (46.7) 6 (60.0) 13(52.0) 0.69
Male gender, (n) % 11(73.3) 7(70.0) 18(72.0) 1.00
Mean APACHE Il score, (SD) 20.1 (6.3) 16.4 (4.1) 18.6 (5.8) 0.11
APACHE Il score >15, (n) % 12 (80.0) 7(70.0) 19 (76.0) 0.65
Length of stay, (SD)? 27.2 (22.6) 17.6 (17.5) 23.4 (20.9) 0.43
Comorbidity/risk factors, (n) %
Smoking 7 (46.7) 6 (60.0) 13(52.0) 0.69
Alcohol use 4(26.7) 3(30.0) 7(28.0) 1.00
Immunocompromise 3(20.0) 0(0) 3(12.0) 0.25
COPD 1(6.7) 3(30.0) 4(16.0) 0.27
Cardiomyopathy 6 (40.0) 2(20.0) 8(32.0) 0.40
Diabetes mellitus 4(26.7) 1(10.0) 5(20.0) 0.62
Mechanical ventilation, n (%) 14 (93.3) 5(50.0) 19 (76.0) 0.02
Rapid radiographic spread, n (%) 14(93.3) 5(50.0) 19 (76.0) 0.02
Combined therapy, n (%) 9 (60.0) 6 (60.0) 15 (60.0) 1.00
ICU mortality rate, n (%) 7 (46.7) 0(0) 7 (28.0) 0.02

APACHE, acute physiology and chronic health evaluation; ICU, intensive care unit; COPD, chronic obstructive pulmonary disease.

@ Only for survivors.
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Table 2 Yield of diagnostic tests for 25 patients with severe Legionnaires’ disease admitted to the ICU.

Test No. of performed test No. of positive results, n (%)
Urine antigen detection 24 21 (87.5)
Sputum culture 16 4(25.0)
Bronchoscopic samples culture 15 5(33.3)
Pleural fluid culture 3 1(33.3)
Serology 13 8(53.3)

ICU, intensive care unit.

prescribed in 4 patients. All patients treated with lev-
ofloxacin died while only 1 patient of 4 who received
clarithromycin did not survive. Fifteen patients received
combined therapy; 2 patients out of 15 expired. The
most used combination therapy was rifampicin and clar-
ithromycin, this combination was given in 3 patients:
1 person out of 3 who received this combination
died. The second most used combined therapy were:
clarithromycin, ciprofloxacin plus rifampicin, and clar-
ithromycin, levofloxacin plus rifampicin. Each one the
previous combinations was administered in 2 patients. One
patient expired after being treated with clarithromycin,
ciprofloxacin and rifampicin.

The characteristics of patients who received monother-
apy or combination therapy are shown in Table 3. Patients
who received combination therapy presented a lower ICU
mortality rate versus patients treated with monother-
apy (OR of death 0.15; 95%Cl 0.02-1.04; p=0.08). When
the analysis was done in patients with shock, the asso-
ciation between combination therapy and decrease of
mortality was stronger with statistical significance (OR of
death 0.06; 95% Cl 0.004-0.86; p=0.04). The demograph-
ics for the patients with shock who received combination

therapy versus monotherapy were comparable, as shown in
Table 4. Survival time for patients receiving combination
therapy versus monotherapy is represented (p=0.04) using
a Kaplan-Meier survival curve (Fig. 1).

Discussion

This is the first study reporting that patients with legionel-
losis and shock can benefit from two agents instead of
one. Moreover, to our knowledge, this is the largest series
of SCAP by L. pneumophila in ICU patients that was ana-
lyzed in a prospective, multicentric study: previous studies
were usually monocentric and retrospective.'*'7-2! Further-
more, our population was homogeneous since all patients
fulfilled inclusion criteria of sporadic, community-acquired
LD.?” A generalized pitfall of previous series on severe LD
is that Legionella antigen detection was not used as part
of diagnostic methods. This drawback should be taken into
account since it has been suggested that positive urine anti-
gen detection could be associated with a more severe form
of the disease.?®

Results from at least two studies demonstrated
that combined antibiotic therapy improve survival in

Table 3 Characteristics of 25 patients with SCAP caused by Legionella pneumophila receiving combination therapy or

monotherapy.
Variable Combined therapy (n=15) Monotherapy (n=10) p-Value
Age, mean years, (5D) 51.2 (14.9) 59.0 (13.7) 0.18
Age >55 years, (n) % 6(40.0) 7(70.0) 0.23
Male sex, (n) % 11(73.3) 7(70.0) 1.00
Mean APACHE Il score, (SD) 17.9 (5.6) 19.7 (6.1) 0.31
APACHE Il score >15, (n) % 11(73.3) 8(80.0) 1.00
Length of stay, (SD)* 27.4 (23.4) 16.5 (15.1) 0.18
Comorbidity/risk factor, n (%)
Smoking 9 (60.0) 4(40.0) 0.43
Alcohol use 4(26.7) 3(30.0) 1.00
Immunocompromise 1(6.7) 2(20.0) 0.54
COPD 2(13.3) 2(20.0) 1.00
Cardiomyopathy 3(20.0) 5(50.0) 0.19
Diabetes mellitus 2(13.3) 3(30.0) 0.36
Mechanical ventilation, (n) % 11(73.3) 7(70.0) 1.00
Rapid radiographic spread, n (%) 13(92.9) 6(60.0) 0.12
Shock, n (%) 9 (60.0) 6 (60.0) 1.00
ICU mortality rate, n (%) 2(13.3) 5(50.0) 0.08

SCAP, severe community-acquired pneumonia; APACHE, acute physiology and chronic health evaluation; ICU, intensive care unit;

COPD, chronic obstructive pulmonary disease.
2 Only for survivors.
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Table 4 Characteristics of 15 patients with SCAP caused by Legionella pneumophila and shock receiving combination therapy

or monotherapy.

Variable Combined therapy (n=9) Monotherapy (n=6) p-Value
Age, mean years, (SD) 50.2 (13.4) 61.5 (16.6) 0.22
Age >55 years, (n) % 3(33.3) 4(66.7) 0.32
Male sex, (n) % 7(77.8) 4(66.7) 1.00
Mean APACHE Il score, (SD) 18.3 (7.1) 22.7 (4.2) 0.18
APACHE score >15, (n) % 6(66.7) 6 (100) 0.23
Length of stay, (SD)* 31.4 (25.3) 20.8 (18.1) 0.53
Comorbidity/risk factor, n (%)
Smoking 6(66.7) 1(16.7) 0.12
Alcohol use 3(33.3) 1(16.7) 0.60
Immunocompromise 1(11.1) 2(33.3) 0.53
COPD 1(11.1) 0(0) 1.00
Cardiomyopathy 3(33.3) 3(50.0) 0.62
Diabetes mellitus 2(22.2) 2 (33.3) 1.00
Mechanical ventilation, (n) % 8(88.9) 6 (100) 1.00
Rapid radiographic spread, n (%) 9(100) 5(83.3) 0.40
ICU mortality rate, n (%) 2(22.2) 5(83.3) 0.04

SCAP, severe community-acquired pneumonia; APACHE, acute physiology and chronic health evaluation; ICU, intensive care unit;

COPD, chronic obstructive pulmonary disease.
2 Only for survivors.

critically ill patients with severe infection and shock.??*
A recent study including mild-to-moderate LD in 49
cancer patients confirms that combination therapy
is correlated with better outcome, especially in patients
with severe pneumonia.?' Gacouin et al. reported in 2002
a retrospective series of 43 cases of severe Legionella
spp. pneumonia admitted to the ICU: authors con-
cluded that combined treatment with quinolones was
the best therapeutic option for severe LD.?" Data
from our study suggest that combination therapy is
better than monotherapy in the setting of SCAP by
L. pneumophila in patients with shock.
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Figure 1 Kaplan-Meier survival curve for patients with shock

receiving combination therapy versus monotherapy censored at
40 days (log rank test: p value=0.04).

Laboratory and experimental data support the concept
that both fluoroquinolones and newer macrolide/azalides
agents against L. pneumophila are superior to
erythromycin.>7'%32 Azithromycin, an excellent thera-
peutic option in severe LD,*7:'%32-3% was administered in
only one patient. The reason is because azithromycin was
not available in Spain when the CAPUCI study was realized.
The patient who received azithromycin was enrolled in
CAPUCI II study.

In our series, differently to prior similar stud-
ies, new fluoroquinolones or macrolides were
administered in all cases. Clarithromycin has been
found to be an effective anti-Legionella agent in
non-severe LD, but clinical efficacy in the setting of
the ICU has not been established until now.'#3%3% Three
patients out of four who received clarithromycin survived.
Although the small number of patients in our series is clearly
a major drawback, our results suggest that clarithromycin
could be a good therapeutic agent in severe LD.

Recent studies suggest that levofloxacin should be the
drug of choice for the treatment of mild-to-moderate
LD?*>:37:38: on the other hand, there is certain lack of con-
sistency about its use in monotherapy in severe cases of
LD, especially when mechanical ventilation is needed. '*3>-"
The finding of death in our four patients exclusively
treated with levofloxacin raises some concerns on its use in
monotherapy in this subset of severely ill patients, although
the small number of patients does not allow definitive
conclusions. Controversy between new macrolides versus
fluoroquinolones as treatment of choice of severe LD is
beyond the scope of this discussion since this study was not
designed to focus on this issue.

Rifampicin is very active against L. pneumophila both
in vitro and in animal model®>'; however, its clinical use
in monotherapy has been precluded because of concerns
of increased resistance to the drug. Nevertheless, at least
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one study in an animal model denied an increase in antibi-
otic resistance.* Experimental data in animal models show
that the bacterial killing rate is dramatically higher when
rifampicin is added to other antibiotic.*’ The association of
macrolides and rifampicin has been the recommended com-
bined therapy for treating severe LD.>'# On the contrary,
in cases of non-severe LD, this association was not superior
versus monotherapy.*®

There are some limitations to our study. First, as with
other publications exploring this issue, results are not from
a randomized controlled study. Second is the small sample
size; however, it is unlikely that an adequate comparative
clinical trial could be completed. Data for our study were
collected from two different chronological periods so there
may be confounding factors that cannot be corrected nor
adjusted. Another relevant limitation is that azithromycin,
an excellent therapeutic option for treating severe LD, was
only administered in one patient because it was not available
in Spain in intravenous formulation until recently. Finally,
delay of antibiotic therapy from pneumonia onset was not
recorded. Newer studies should be performed comparing
recent antibiotics, but this is not feasible due to the small
number of patients currently complicated with MV.

Conclusions

In summary, our findings show a reduction of ICU mortal-
ity in patients with SCAP caused by L. pneumophila and
shock, when combined therapy is administered instead of
monotherapy. Our results are consistent with other observa-
tional studies suggesting that combination therapy improves
survival in the subset of the most severe critically ill patients
with SCAP.
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ORIGINAL ARTICLE

Causes of non-adherence to therapeutic guidelines

in severe community-acquired pneumonia

Causas de la falta de adherencia a las guias terapéuticas para la

neumonia grave

ABSTRACT

Objective: To assess the adherence to
Infectious Disease Society of America/
American Thoracic Society guidelines
and the causes of lack of adherence
during empirical antibiotic prescription
in severe pneumonia in Latin America.

Methods: A clinical questionnaire
was submitted to 36 physicians from
Latin America; they were asked to indicate
the empirical treatment in two fictitious
cases of severe respiratory infection:
communiry-acquired pneumonia and
nosocomial pneumonia.

Results: In the case of community-
acquired pneumonia, 11 prescriptions
of 36 (30.6%) were compliant with
international  guidelines. The  causes
for non-compliant  treatment  were
monotherapy (16.0%), the unnecessary
prescription of broad-spectrum antibiotics
(40.0%) and the use of non-recommended
antibiotics (44.0%).

In the case of nosocomial pneumonia,
the rate of adherence to the Infectious
Disease Society of America/American
Thoracic Society guidelines was 2.8%
(1 patient of 36). The reasons for lack of

compliance were monotherapy (14.3%)
and a lack of dual antibiotic coverage
against Pseudomonas aeruginosa (85.7%).
If monotherapy with an antipseudomonal
antibiotic was considered adequate, the
antbiotic treatment would be adequate
in 100% of the total prescriptions.

Conclusion: The compliance rate
with the Infectious Disease Society of
America/American  Thoracic ~ Society
guidelines in the community-acquired
pneumonia scenario was 30.6%; the
most frequent cause of lack of compliance
was the indication of monotherapy. In
the case of nosocomial pneumonia, the
compliance rate with the guidelines was
2.8%, and the most important cause of
non-adherence was lack of combined
antipseudomonal therapy. If the use of
monotherapy with an antipseudomonal
antibiotic was considered the correct
option, the treatment would be adequate
in 100% of the prescriptions.

Keywords:  Community-acquired
pneumonia/drug therapy; Pneumonia
ventilator-associated/drug therapy;
Anti-bacterial agents/therapeutic  use;
Advance directive adherence

INTRODUCTION

Acute respiratory infection is associated with high morbidity and social
costs,"? which significantly increase in complicated cases with septic shock.®
Antibiotic therapy is one of the most effective tools for reducing mortality.”
The association between the administration of inadequate antibiotics in the case

of respiratory septic shock and a significant increase in both morbimortality

(57)

and multi-drug resistance has been extensively described."”
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Several scientific societies have published therapeutic
and clinical management recommendations, with the
guidelines published by the Infectious Disease Society of
America/American Thoracic Society (IDSA/ATS) serving
as a reference in Latin America.”'”)

Various studies conducted in Europe,"''? the United
States"? and Australia’® have analyzed adherence to
therapeutic guidelines in empirical antibiotic prescription.
However, no similar studies have been performed in Latin
America.

In the present study, adherence to IDSA/ATS
indications for the treatment of severe pneumonia and
the causes of non-compliance with the recommendations
were analyzed.

METHODS

A survey was administered to 36 Latin American
physicians with extensive experience in the intensive care
unit (ICU). The survey was administered during a course
on antibiotic politics for critical care patients, which took
place in the Hospital Vall d° Hebron, Barcelona, Spain, in
May and July of 2013. The same questionnaire was utilized
to conduct an Australian study published by Dulhunty
etal."” and is composed of fictitious clinical cases of patients
with severe infection. In the present study, only cases of
respiratory infection were analyzed: community-acquired
pneumonia and nosocomial pneumonia. Both settings are
described in the electronic supplementary materials.

All participants were asked to indicate their medical
specialty, their years of experience in the ICU and the
characteristics of the hospital/ICU at which they worked.
In addition, for each clinical case, they were requested
to indicate how many and which antibiotics they would
prescribe, their dose and duration. For these cases, the
presence of empyema or any other complication that
required surgical intervention or an invasive procedure
was discarded. The weight of the patient was indicated as
being 80kg, and their renal and liver function was listed
as normal.

They were asked to choose between one and three
antibiotics without including antivirals, antifungals
or tuberculostatic drugs. The dose of medication was
calculated and expressed in g per day.

The two settings were bilateral community-acquired
pneumonia with secondary septic shock (case 1,
available in the electronic supplementary materials);
and nosocomial pneumonia in the postoperative period
following cholecystectomy (case 2, available in the
electronic supplementary materials).

The number of antibiotics indicated, along with their
dose and duration, was recorded. The indicated regimen
and the dose of antibiotic were then consulted according
to the indications from the respective therapeutic guides.
As specific indications for Latin America did not exist, we
decided to utilize the IDSA/ATS recommendations.”'”
In table S1 of the electronic supplementary materials, the
recommended antibiotic regimens are indicated. In the
case of prescription of antibiotics that were not indicated
in the recommendations or where the dose of antibiotic
established by the IDSA/ATS was omitted, the dose
suggested by the manuals with the greatest frequency of
clinical use was considered to be valid."”

Because this was a spontaneous survey conducted using
fictitious clinical cases, informed consent was not solicited
to perform this study. The survey participants were
informed about the purpose of the survey and notified
that their compliance was not a condition for obtaining
the certificate of course participation.

The resultsare expressed as the medians and interquartile
ranges for continuous variables or as an absolute frequency
and percentage frequency for categorical variables.
The dara management and the statistical analysis were
conducted using Statistical Package for the Social Sciences
(SPSS) version 15.

RESULTS

Thirty-six physicians responded to the survey: 56%
(20 physicians) were ICU specialists with > 5 years of
experience in the ICU; 33% (12) were specialists in
infectious diseases; and 3% (1) were ICU specialists with
< 5 years of experience. Less than 10% (3 physicians)
identified with another specialty: anesthesia, internal
medicine or cardiology (Table 1). Seventeen physicians
(47%) worked in an academic institution; 31 of
36 (86%) practiced in a medical-surgical ICU. The
provenance was primarily from Brazil (25 physicians;
69%), followed by Venezuela (4; 11%), Mexico (2; 6%)
and Chile (2; 6%).

In the two clinical cases, a total of 135 antibiotics were
detailed (Tables 2 and 3): 68 in the first case and 67 in the
second. In case 1, the most employed group of antibiotics
was beta-lactams (29 of 68 prescriptions; 42.7%), with
ceftriaxone being prescribed in 29.4% of cases. Macrolides
(clarithromycin and azithromycin) were indicated in 19
of 68 prescriptions (27.9%), and quinolones (levofloxacin
and moxifloxacin) were indicated in 8 (11.8%). The most
prescribed antibiotic patterns were as follows (Figure 1):
ceftriaxone and clarithromycin (9 patients of 36; 25.0%),

Rev Bras Ter Intensiva. 2015;27(1):44-50
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Table 1 - Information from the 36 survey participants

Frequency

Specialization

Intensive care for more than 5 years 20 (55.6)

Intensive care for less than 5 years 1(2.8)

Infectious diseases 12(333)

Other specialties 3(8.3)
Type of hospital

University 17 147.2)

Non-university 5(13.9)

Did not answer 14 (38.9)
Hospital funding

Public 18 (50.0)

Private 11 (30.6)

Did not answer 7(19.4)
Type of ICU

Mixed medical-surgical 31(86.1)

Medical 2 (5.6)

Surgical 0

Did not answer 3(8.3)
Level of care

Third level 27 (75.0)

Second level 1(2.8)

Did not answer 8(22.2)
Participant origin

Brazil 25 (69.4)

Venezuela 4(11.1)

Mexico 2(5.6)

Chile 2(5.8)

Did not answer 3(8.3)

Results are expressed as the absolute values and percentages: n (%), ICU - intensive care unit.

ceftriaxone/cefotaxime and azithromycin (5 patients;
13.9%), and ceftriaxone and levofloxacin/moxifloxacin (5;
13.9%). In 32 of 36 cases (88.9%), combined treatment
was indicated. Active anti-Pseudomonas treatment was
prescribed in 15 of 36 patients (41.7%) while treatment
for methicillin-resistant Staphylococcus aureus (MRSA) was
indicated in 6 of 36 patients (16.7%).

Treatment  was  adequate  according to  the
IDSA/ATS recommendations in 11 of 36 prescriptions
(30.6%) (Table 4). The causes of non-compliance were
monotherapy (4 of 25; 16.0%); unnecessary coverage
for P aeruginosa/ MRSA in 10 prescriptions (40.0%);
and administration of double antibiotic treatment
with medications that were not indicated in 11 of 25
prescriptions (44.0%). The most employed antibiotics
were clarithromycin (10 prescriptions), clindamycin (1
prescription) and amoxicillin clavulanic (1 prescription).

In case 2, the most indicated antibiotics were
meropenem (20 prescriptions  of 675 29.9%),
vancomycin (145 20.9%), linezolid (14; 20.9%) and
piperacillin-tazobactam  (13; 19.4%) (Table 3). The
most highly employed regimens are shown in figure 2:
meropenem and linezolid (10 patients of 36; 27.8%),
meropenem and vancomycin (9 patients of 36; 25.0%),
piperacillin-tazobactam and linezolid (5 of 36; 13.9%)
and piperacillin-tazobactam in monotherapy (5; 13.9%).
Monotherapy was indicated in 5 of 36 patients (13.9%),
and combined antibiotic treatment was prescribed in
the 31 remaining patients (86.1%). In all cases, active
treatment was indicated for P aeruginosa. Active treatment
for MRSA was indicated in 30 of 36 patients (83.3%).

Table 2 - Antibiotic prescription, dose and duration in the case of community-acquired pneumonia

Antibiti  indications Dose* RoNekte Tl 110 days 10 o
Beta-lactams 29/68 (42.7)

Ceftriaxone 20/68 (29.4) 20(2.0-3.5) 19/20 (95.0) 0/20 (0) 17/20 (85.0) 3/20 (15.0)

Cefepime 5/68 (7.4) 6.0 (5.0-6.0) 4/5 (80.0) 0/5(0) 3/5 (60.0) 2/5(40.0)

Meropenem 4/68 (5.9) 3.0(1.9-3.0) 3/4 (75.0) 0/4 (0) 3/4(75.0) 1/4(25.0)
Macrolides 19/68 (27.9)

Clarithromycin 10/68 (14.7) 1.0(0.9-1.0) 8/10 (80.0) 0/10 (0) 8/10 (80.0) 2/10(20.0)

Azithromycin 9/68 (13.2) 05(05-1.0) 9/9 (100) 0/9 (0) 7/9(77.8) 2/9(22.2)
Quinolones 8/68 (11.8)

Levofloxacin 4/68 (5.9) 0.8(0.6-0.8) 3/4 (75.0) 0/4 (0) 4/4 (100) 0/4 (0)

Moxifloxacin 4/68 (5.9) 04(04-13) 4/4 (100) 074 (0) 4/4 (100) 0/4 (0)
Glycopeptides 4/68 (5.9)

Vancomycin 4/68 (5.9) 20(2.0-20) 4/4 (100) 0/4(0) 3/4 (75.0) 1/4 (25.0)
Others 8/68 (11.8)

Results are expressed as the absolute values and percentages: n (%); * result is expressed as the median and interquartile range.
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Table 3 - Antibiotic prescription, dose and duration in the case of nosocomial pneumonia

Antbiti N inications B . SYian 7-10 days grigped
*Betadlactams 33/67 (49.3) ’ - : - ’
Meropenem 20/67 (29.9) 3.0(3.0-6.0) 18/20 (30.0) 0/20 (0) 13/20 (65.0) 7/20 (35.0)
Piperacillin-tazobactam 13/67 (19.4) 18.0(15.8-18.0) 1213 (92.3) 0/13 (0) 10/13 (76.9) 3/13(23.1)
Glycopeptides 14/67 (20.9)
Vancomycin 14/67 (20.9) 20(20-20) 14/14 (100) 0/14 (0) 12/14 (85.7) 2/14(143)
Oxazolidinones 14/67 (20.9)
Linezolid 14/67 (20.9) 1.2(1.2-1.2) 14/14 (100) 0/14 (0) 9/14 (64.3) 5/14 (35.7)
Others 6/67 (8.9)

Results are expressed as the absolute values and percentages: n (%). * result is expressed as the median and interquartile range.

Table 4 - Fulfillment of Infectious Disease Society of America/American Thoracic Society recommendations and reasons for non-adherence

Clinical case Adherence to recommendations Case 1 - Reasons for non-adherence Case 2 - Reasons for non-adherence
f A multiR Non-indicated Without double
Complied Not complied  Monotherapy coverage AB Monotherapy PA coverage
C”’"m“""y'ag;‘s";’?d PEUMONa 1136 (30.6)  25(36(69.4)  4/25(160)  10/25(40.0)  11/25 (44.0) -
NGzaooiish priadion 1/36 (2.8) 35/36 (97.2) 5/35 (14.3) 30/35 (85.7)

Case 2

Results are expressed as the absolute values and percentages: n {%). multiR - multi-resistant; AB - antibiotic; PA - Pseudomonas aeruginosa.

for P aeruginosa in 30 indications of 35 (85.7%). If
Ceftriaxone and clarithromyci | 9/36 (25.0%) the administration of only one active antibiotic for

_ P aeruginosa had been considered adequate, as indicated

L | in other recommendations,"” whether it was paired with

Citranons end ovMoxifioxacia : 5/36 (13.9%) an active antibiotic for MRSA, the rate of appropriate

treatment would have been 100%.

Ceftri /cefotaxime and azith

5/36 (13.9%)

0L 4 o+ 3 4 i 6 12,

TN [
N of indications DISCUSSION

Figure 1 - Antibiotic regimens most frequently indicated in the case of
community-acquired pneumonia. The most noteworthy conclusion from this study

population is the limited adherence to IDSA/ATS
recommendations when prescribing empirical antibiotics
e | 10/36 (27.8%) for severe pneumonia. In line with the results obtained
from studies conducted on other continents,""'" this
conclusion carries strong implications because a low

Meropenem and vancomycin l 9/36 (25.0%)

Fiperacilin/Trzobactan end fineaofid 5/36 (13.9%) adherence to therapeutic recommendations is associated

Piperacillin/Tazobactan I 5/36 (13.9%) with greater morbidity and mortality as well as with an
R

increase in health costs. %7

0 6, 12,

o idicstons Studies conducted in Europe report adherence rates of
between 20 and 100%. The proposed causes of non-adherence
were differences between the patient being treated and
the condition described in the guidelines, the presence of
kidney or liver failure, the unavailability or excessive costs of
specific antibiotics, and differences between local flora and
international recommendations.!'"'*!¥

In the case of community-acquired pneumonia,
treatment was adequate in 31% of patients (11 of 36).
Although the therapeutic guidelines recommend initiation

Figure 2 - Antibiotic regimens most frequently indicated in the case of nosocomial
pneumonia.

Adherence to the IDSA/ATS indications occurred in
3% of patients (1 patient of 36, with meropenem and
levofloxacin being indicated) (Table 4). The causes of
non-compliance were monotherapy in 5 prescriptions
of 35 (14.3%) and lack of double antibiotic coverage
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of broad-spectrum treatment in high-suspect cases of
multi-resistant pathogens, this was not considered a
correct option because in the setting presented, the patient
did not have risk factors for nosocomial pathogens. There
were various causes of non-adherence. Prescription of
monotherapy (16%) was a reason for non-adherence,
as various studies have shown that in patients with
respiratory shock, combination antibiotic treatment
reduces mortality."”*" In addition, a clinical trial
conducted in patients with severe community-acquired
pneumonia concluded that mortality is higher in
patients who received fluoroquinolone versus bitherapy,
although statistical significance was not achieved.”? In
general, every patient admitted to the ICU with severe
CAP should receive treatment for pneumococcus and
Legionella  pneumophila, using an anti-pneumococcal
bactericide, with the first option being a beta-lactam and
an active agent for Legionella spp., such as levofloxacin or
azithromycin. 9

Another cause for the lack of adherence was the
extensive coverage for 22 aeruginosa and MRSA. A total of
40% of patients received active multi-resistant treatment.
It has been previously shown that the prevalence of
multi-resistant organisms and MRSA is higher in Latin
America than in other countries.”**® However, the extensive
use of broad-spectrum antibiotics leads to an increase in the
appearance of opportunistic pathogens.”*” Because of this
fact, it is essential to monitor the local bacterial flora.”

The third reason for the lack of adherence was
the prescription of antibiotics not indicated in the
recommendations. A total of 44% of patients received
treatment with a non-antipseudomonal cephalosporin in
addition to clarithromycin. In the 2003 IDSA guidelines, the
association of a beta-lactam with a macrolide (erythromycin,
clarithromycin or azithromycin) is indicated,”” while in the
latest update,” azithromycin is recommended.

The utility of macrolides has been essential in the
treatment of pneumonia, due to their activity against
pneumococcus and atypical pathogens.”” The utility of
erythromycin, the first macrolide available, has diminished
due rto its gastrointestinal adverse effects, lack of efficacy
against Haemophilus influenzae and the emergence of
pneumococcus resistance.

The main advantages of azithromycin and
clarithromycin  compared to erythromycin are less
adverse effects and greater tissue penetration, stability
against gastric pH, greater half-life, few pharmacological
interactions and a greater post-antibiotic effect. The tissue
concentration of azithromycin can be between 10 and 100
times greater than that obrained in blood.?” Although
the maximum concentrations reached by azithromycin
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and clarithromycin are close to the maximum values of
the minimum inhibitory concentration for the important
pathogens, their rapid collection in the intra-cellular
compartmentand their slow liberation make them efficient
for this purpose. This phenomenon is more marked with
azithromycin due to a more prolonged antimicrobial
exposure as a result of its post-antibiotic effect, which
allows 3-5-day treatment cycles to be sufficient.??
However, a limitation of azithromycin is its high intra-cell/
interstitial concentration quotient, which could justify its
bad behavior against extracellular microorganisms.”"

In the case of nosocomial pneumonia, an adherence
of only 3% of the recommendations is noteworthy,
with the only adequate regimen being meropenem and
levofloxacin. The IDSA/ATS recommendations indicate
using a beta-lactam paired with an aminoglycoside or an
active quinolone for 2 aeruginosa. In the case of MRSA
infection risk, its coverage is indicated. However, in the
present case, it was not considered necessary to provide
coverage for MRSA, although providing coverage for this
infection was not classified as inadequate.

Of the 35 inadequate regimens, monotherapy was
indicated in five cases, always ensuring Pseudomonas
aeruginosa coverage; on the other hand, combined therapy
was indicated in 30 cases. In all the 30 cases of combined
therapy, at least one antibiotic was active against
P aeruginosa and another was active against MRSA.
The IDSA/ATS recommendations suggest initiating a
double antipseudomonal treatment with the purpose of
minimizing the risk of not covering the pathogen due to
an antibiotic resistance pattern.

Garnacho-Montero et al. addressed monotherapy
versus bitherapy in ventilator-associated pneumonia due
to P aeruginosa. In their conclusions, they confirm that
combination treatment reduces the risk of inadequate
empirical treatment. However, there were no differences
in mortality between monotherapy and combination
therapy. In addition, the cases of Pseudomonas with reduced
sensitivity to carbapenems that received 6g of meropenem
per day did not increase mortality.”” In this sense, in a
hospital institution at which the resistance of 2 aeruginosa to
carbapenem is not a problem, the use of monotherapy with
high-dose of meropenem could be an acceptable option.
Similarly, the utilization of a beta-lactam in monotherapy
in an environment with very low risk of antibiotic resistance
could be an adequate option. Despite this, the lack of
randomized clinical trials does not allow this finding to
be generalized. To support this assertion, according to the
European recommendations,'® a patient with nosocomial
pneumonia that is acquired within the first four days of
admittance should receive only one antibiotic. Considering
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the administration of an anti 2 aeruginosa to be adequate in
our population, the rate of adherence would be 100%.

The present analysis has several limitations. Most
importantly, this is a clinical survey based on fictitious
cases, and therefore, the data do not come from real clinical
practice. However, the high rate of intensive care physicians
or infectious disease specialists with extensive work
experience in the ICU in a third-level university setting
confers a high validity and reliability to the study results.

Another important limitation is that the majority of those
surveyed came from Brazil, and there was not, therefore, a
proportional representation of the different Latin American
countries. An analysis was conducted to compare the responses
of physicians from and not from Brazil, and no significant
differences were obtained. In addition, the physicians came
from different cities in Brazil and from other Latin American
countries. Due to confidentiality considerations and to not
bias the responses, the authors decided not to communicate
the survey participants’ cities of origin. Finally, a higher
number of survey participants may have supplied more

representative data. The conduction of a similar study with
a greater sample size could be useful for confirming the
findings obtained and guarantecing a higher reproducibility
and representation of all Latin American states.

CONCLUSION

In the present survey on empirical antibiotic
prescription in severe pneumonia, which was conducted
using a small sample of physicians from Latin America,
adherence to therapeutic Infectious Disease Society
of America/American Thoracic Society guidelines was
relatively low. However, these findings were in line with
results from studies conducted on other continents. In
the case of community-acquired pneumonia, the causes of
non-adherence were the high indication of monotherapy,
coverage for multi-resistant pathogens made when it was
not indicated and the employment of antibiotics that were
not indicated. In the case of nosocomial pneumonia, the
most important cause of non-compliance was the use of
only one active antibiotic for P aeruginosa.

RESUMEN

Objetivo: Valorar tasa de adherencia y causas de no adhe-
rencia a las guias terapéuticas internacionales para la prescripci-
6n antibiética empirica en la neumonia grave en Latinoamérica.

Métodos: Encuesta clinica realizada a 36 médicos de Latino-
américa donde se pedia indicar el tratamiento empirico en 2 ca-
sos clinicos ficticios de pacientes con infeccién respiratoria grave:
neumonia adquirida en la comunidad y neumonia nosocomial.

Resultados: En ¢l caso de la neumonia comunitaria el tra-
tamiento fue adecuado en el 30,6% de las prescripciones. Las
causas de no adherencia fueron monoterapia (16,0%), cober-
tura no indicada para multirresistentes (4,0%) y empleo de an-
tibidticos con espectro inadecuado (44,0%). En el caso de la
neumonia nosocomial el cumplimiento de las guias terapéuticas
Infectious Disease Society of Americal American Thoracic Society fue

del 2,8%. Las causas de falta de adherencia fueron monotera-
pia (14,3%) y la falta de doble tratamiento antibiético frente a
Pseudomonas aeruginosa (85,7%). En caso de considerar correcta
la monoterapia con actividad frente a 2 aeruginosa, el tratamien-
to seria adecuado en el 100% de los casos.

Conclusién: En la neumonia comuniraria la adherencia a
las guias terapéuticas Infectious Disease Society of AmericalAme-
rican Thoracic Society fue del 30,6%; la causa mds frecuente de
incumplimiento fue el uso de monoterapia. La adherencia en
el caso de la neumonia nosocomial fue del 2,8% y la causa mds
importante de incumplimiento fue la falta de doble tratamiento
frente a P aeruginosa, considerando adecuada monoterapia con
actividad frente a 2 aeruginosa la adherencia seria del 100%.

Descriptores: Infecciones comunitarias adquiridas/quimiote-
rapia; Neumonia asociada al ventilador/quimioterapia; Antibac-
terianos/uso terapéutico; Adhesion a las directivas anticipadas
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Abstract Despite all published literature, controversies
remain about the optimal antibiotic treatment in
community-acquired pneumonia. The most debated issue
is whether it is necessary to empirically start one or two
antibiotics, i.e. whether or not to cover atypical agents. A
review of the literature published from 2005 to present
was completed, searching for new insights in antibiotic
treatment in community-acquired pneumonia (CAP) fo-
cusing on monotherapy versus combined therapy. Forty-
one articles were identified enrolling outpatients, and pa-
tients admitted to the ward and to the intensive care unit:
11 were meta-analyses, 8 clinical trials and 22 observa-
tional—prospective and retrospective—studies. Although
controversies remain in the treatment of CAP, the use of
combination therapy seems to be associated with a lower
mortality in case of severe CAP that requires intensive
care unit (ICU) admission, especially when a beta-lac-
tam-macrolide association is delivered. Moreover, combi-
nation therapy is associated with better outcomes—al-
though not always with a lower mortality—in cases of
non-ICU patients with risk factors for a poor outcome,
bacteraemic pneumococcal pneumonia and high suspicion
of infection by atypical agents. In this setting, it appears
that the best choice of treatment may be a beta-lactam—
macrolide regimen.
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Abbreviations

CAP  Community-acquired pneumonia
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PSI Pneumonia severity index

Introduction

Community-acquired pneumonia (CAP) is a common and po-
tentially severe disease. In Europe, it is estimated that the
annual incidence in younger adults is 1.2 cases per 1000 per-
son-years, increasing up to 14 per 1000 in patients over
65 years old [1].

In Western countries, mortality due to CAP varies widely
depending from the severity of the illness: less than 1 % in
individuals treated outside the hospital: around 10 % in
hospitalised non-intensive care unit (ICU) patients, and up to
20 to 40 % in severe forms, i.e. when ICU admission is re-
quired [2, 3+].

In CAP, antibiotic therapy is the cornerstone of treatment;
after diagnosis of pneumonia is done, an adequate antimicro-
bial therapy is always recommended, as it has been associated
with better outcomes [4, 5]. Adequate antibiotic therapy is
defined as the treatment that covers all suspected pathogens,
and it is usually started on the basis of epidemiological and
clinic considerations as well as local guidelines [4]. Although
CAP may be caused by many pathogens, a reduced number of
microorganisms are responsible for the majority of cases; clas-
sically, they are classified into typical and atypical.

Guidelines for the management of CAP were published [4,
6]. and the antibiotic regimens proposed are classified

@ Springer
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according with the site of care: outpatients, ward or intensive
care unit (ICU).

What Do the Guidelines Recommend?
Qutpatients

In outpatients with CAP, the Infectious Diseases Society of
America/American Thoracic Society (IDSA/ATS) guidelines
recommend administration of a macrolide (azithromycin,
clarithromycin or erythromycin) or doxycycline. If a patient
received antibiotic therapy within 3 previous months, or pre-
sents with some risk factor for a higher mortality for CAP
(chronic heart disease, lung or liver discase, diabetes mellitus,
alcohol abuse, malignancy, asplenia or hyposplenism, immu-
nocompromised status), the recommended antibiotic regimen
is a respiratory fluoroquinolone (moxifloxacin, gemifloxacin
or high-dose levofloxacin), or a combination of a beta-lactam
(high-dose amoxicillin or amoxicillin—clavulanate, cefiriax-
one, cefuroxime or cefpodoxime) with a macrolide. In the
same setting, European guidelines recommend the administra-
tion of amoxicillin or a tetracycline. If these agents are con-
sidered contraindicated or there is a high suspicion of infection
by atypical agents, the indication is monotherapy with a
macrolide or a respiratory fluoroquinolone. Both American
and European guidelines suggest considering the local flora
pattern of antibiotic resistance.

Ward

In the case of patients with CAP who require hospitalisation,
the IDSA/ATS guidelines suggest administration of a respira-
tory fluoroquinolone, and a beta-lactam (cefotaxime, ceftriax-
one, ampicillin or ertapenem) plus a macrolide or doxycycline
if patients have a high risk of pneumonia due to Gram-
negative bacilli. As stated in the guidelines, monotherapy with
a macrolide should be avoided because of the high rate of
macrolide-resistant pneumococci. In the same setting,
European guidelines suggest the administration of an
aminopenicillin with or without a beta-lactamase inhibitor or
a cephalosporin (ceftriaxone or cefotaxime), and to consider
the addition of azithromycin or clarithromycin. In the case of
high suspicion for Streptococcus pneumoniae, as several pub-
lications have demonstrated that low-level resistance to peni-
cillin is not associated with worsened outcomes [7], penicillin
G plus a macrolide could be an alternative. If those antibiotics
are considered inappropriate, a respiratory fluoroquinolone
may be an alternative. As stated in the European guidelines,
the use of a specific antibiotic pattern should be guided by the
severity of the disease (most severe cases should be treated
with combined therapy) and based on considerations of aller-
gy, intolerance, previous use of penicillins, macrolides or
fluoroquinolones, cost and potential adverse effects.

@ Springer

Intensive Care Unit

According to both the American and the European guidelines,
a patient in an ICU setting should be covered for all suspected
microorganisms (resistant Streptococcus pneumoniae and
atypical pathogens) because it was observed in severe CAP
that an inadequate antibiotic treatment is associated with an
increased mortality [8].

IDSA/ATS guidelines suggest initiating a combination reg-
imen with a beta-lactam (cefotaxime, cefiriaxone or ampicil-
lin—sulbactam) plus either azithromycin or a respiratory fluo-
roquinolone. Likewise, European guidelines suggest combi-
nation therapy in the form of a non-antipseudomonal third-
generation cephalosporin (ceftriaxone or cefotaxime) plus ei-
ther a macrolide (azithromycin or clarithromycin) or a respi-
ratory fluoroquinolone. Both guidelines recommend that if an
infection by methicillin-resistant Staphylococcus aureus or
Pseudomonas aeruginosa is suspected, the antibiotic treat-
ment should empirically cover these microorganisms. Con-
versely, it was demonstrated that the regular coverage of re-
sistant agents did not decreased mortality [9].

Controversies regarding the optimal antibiotic regimen per-
sist; the most debated issues are whether it is necessary to
empirically cover atypical microorganisms, and if it is better
to start one antibiotic or two. In the present review, all articles
aimed at the study of monotherapy versus combination thera-
py in CAP were reviewed.

Material and Methods

A review of the literature was performed searching for
any recent article about antibiotic treatment in CAP. The
scarch process was performed in PubMed in March 2015;
articles in English, performed in adults and published
from January 1, 2005 to March 1, 2015, were selected.
The search key was “community-acquired pneumonia”
plus “antibiotic™.

Of all the studies individuated, the ones that assessed dif-
ferences in outcomes after the administration of different an-
tibiotic regimens were selected: finally, the articles that com-
pared monotherapy versus combination therapy or compared
different patterns of combination therapy were chosen for the
present review. Publications on health-care-associated pneu-
monia and aspiration pneumonia were excluded from the anal-
ysis. The items found in the review were then analysed and
classified as meta-analysis, clinical trial or observational
study.

Those articles that included either outpatients and pa-
tients proceeding from the ward were categorized in the
present review as outpatients. Likewise, articles enroll-
ing both patients from the ward and ICU patients were
categorized in the present review as ward-patients.
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Results

The PubMed search obtained 2233 results. The screen result-
ed inatotal of 41 selected articles: 11 meta-analyses, 8 clinical
trials and 22 observational-—prospective and retrospective—
studies.

What Is New in the Literature?

Since 2005, several studies were published assessing mono-
therapy versus combination therapy in CAP.

Outpatients

Four papers were identified: three meta-analyses and one ob-
servational study (Table 1).

The most recent article is a Cochrane meta-analysis pub-
lished in 2014 by Pakhale et al. [10] that explored changes in
mortality by using different antibiotic prescriptions—in
monotherapy and combined therapy—in outpatients with
CAP: 11 clinical trials were included without observing dif-
ferences in mortality or in the incidence of adverse effects. A
meta-analysis by Skalsky et al. [11] included 16 trials enroll-
ing both outpatients and ward patients exploring whether the
administration of a macrolide-based versus fluoroquinolone-
based regimen was associated with different outcomes. As a
conclusion, no differences were observed in all-cause mortal-
ity between the two regimens of antibiotics. Treatment failure
and microbiological failure decreased significantly when a
fluoroquinolone was administered, and a higher incidence of
adverse event and antibiotic discontinuation was associated

with macrolide prescription, mainly attributed to digestive
complications. Thus, although these finding were not associ-
ated with changes in mortality, authors conclude that
fluoroquinolones may be superior when compared with
macrolides.

Finally, An et al. in 2010 published a meta-analysis [12]
comparing outcomes after administration of moxifloxacin ver-
sus a beta-lactam-based combination with a macrolide. Seven
trials were identified including around 4000 patients. Again,
no differences were observed regarding mortality, clinical suc-
cess and adverse effects rates. Conversely, microbiological
failure was significantly lower with moxifloxacin.

One observational study by Ye et al. [13] compared out-
come and costs of treatment in outpatients with CAP after
administration of levofloxacin (500 or 750 mg) versus
macrolides: Although the rate of treatment failure was lower
for the levofloxacin group, no differences were observed in
term of costs, CAP-related hospitalisations and mortality.

Ward

Twenty-seven articles were identified: 7 meta-analyses
(Table 2), 7 clinical trials (Table 3) and 13 observational stud-
ies (Table 4).

A Cochrane meta-analysis by Eliakim-Raz et al. [16] ex-
plored changes in mortality depending on coverage for atyp-
ical agents; 28 clinical trials were included, and no difference
in mortality or in the development of adverse effects was
observed. Patients who received atypical coverage showed a
non-significant trend toward clinical and microbiological res-
olution. This trend was statistically significant in patients with

Table 1 Published studies in outpatients that assess monotherapy versus combination therapy
Author Year Study design  Study population Objective Outcomes
Pakhale 2014 Meta-Analysis 11 RCTs Compare efficacy and safety of Same mortality and clinical success
ctal. different antibiotic regimens in CAP rate between different antibiotic
[10] regimens
Skalsky 2013 Meta-Analysis 16 RCTs, mostly in Compare outcomes after mono or No differences in mortality; higher
etal” outpatients with combined therapy with macrolide eradication rate with quinolones:
[11] mild to moderate CAP  or quinolone regimens macrolides associated with higher
adverse effects
An et al. 2010 Meta-Analysis 7 RCTs Compare efficacy and safety of moxifloxacin No difference in mortality, clinical
[12] monotherapy versus BL regimens resolution or adverse effects;
quinolones had higher eradication
rate
Ye et al. 2008 Observational  Retrospective, enrolling  Compare treatment failure, safety, Levofloxacin associated with lower
[13] 7526 patients outcomes and costs of levofloxacin treatment failure, especially in

(500 and 750 mg) versus macrolides

over 65. No differences in
hospitalization or costs of
treatment

CAP community-acquired pneumonia, RC7 randomized controlled trial, BL beta-lactam

“The study includes outpatients and ward patients
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Table 2 Published meta-analyses in ward patients that assess monotherapy versus combination therapy
Author Year  Study population Objective Outcomes
Nie et al.” 2014 16 observational studies: 4 Compare mortality after BL Montality was higher in patients
[14] prospective and 12 retrospectives monotherapy versus BL- receiving monotherapy
macrolide combination therapy
Zhang 2013 10 RCTs: S compared gemifloxacin Compare mortality and efficacy of Comparable mortality, treatment
etal, [15] with quinolones, and 5 gemifloxacin gemifloxacin versus other approved and microbiological failure rate
versus BL and/or macrolides regimens were observed
Eliakim-Raz 2012 28 RCTs Compare mortality and adverse effects Same mortality and adverse
etal. [16] after empirical coverage or not of effects after coverage or not of
atypical agents atypical agents; in case of
Legionella infection higher
clinical resolution after atypical
coverage
Yuan et al. 2012 14 RCTs Compare outcomes afier moxifloxacin Same mortality and adverse effects:
[17] monotherapy versus other approved moxifloxacin was associated with

regimens

higher eradication rate

Asadi et al. 2012 23 either RCTs and observational
[18] studies, including 137,574 patients

Vameretal. 2011 4 bioactivity evaluations, 6 clinical
[19] studies and 6 reported cases of
combination rifampin use

Vardakas 2008
etal. [20]

23 RCTs

Compare outcomes between macrolides
versus other approved regimens

Compare mortality after addition of
rifampicin in Legionella pneumonia

Compare outcomes between quinolone
versus BL with/without macrolides

Lower mortality with macrolides;
same mortality when only RCTs
were analysed

Scarce data available; consider
rifampicin addition only in severe
or refractory pneumonia and
presence of risk factors

Same mortality, although higher
success of treatment with
quinolones

BL beta-lactam, RCT randomized controlled trial
*The study includes ward and ICU patients

pneumonia due to Legionella pneumophila, still without ob-
serving changes in mortality.

Two meta-analyses found a decreased mortality after addi-
tion of'a macrolide to the treatment; Nie et al. [14] compared a
beta-lactam-—macrolide regimen versus beta-lactam monother-
apy in a meta-analysis that only included observational studies
enrolling ward and ICU patients. In the conclusions, com-
bined therapy resulted in a significant decrease of mortality.
Likewise, Asadi et al. [18] in a meta-analysis that included 23
studies of in-hospital patients with CAP—either clinical trials
or observational studies—observed a significant reduction of
mortality in individuals who received a macrolide regimen.
Importantly, this trend was not significant when only the clin-
ical trials were analysed, or in patients who received
guideline-concordant antibiotics.

Three meta-analyses compared outcomes after administra-
tion of a respiratory fluoroquinolone versus a beta-lactam reg-
imen. After comparing oral gemifloxacin with a beta-lactam
regimen in mild to moderately severe patients with CAP and
bronchial exacerbations, Zhang et al. [15] observed a compa-
rable mortality between the two arms. Gemifloxacin was as-
sociated with a higher rate of adverse effects, mostly in form
of gastrointestinal complications. Two other meta-analyses in
2008 and 2012 achieved similar conclusions; Vardakas et al.
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[20] compared the use of monotherapy with fluoroquinolones
versus a combination beta-lactam regimen documenting a
comparable mortality, although a higher eradication rate after
fluoroquinolone administration was observed. Yuan et al. [17]
observed a comparable mortality and a higher rate of micro-
bial eradication after administration of moxifloxacin versus a
beta-lactam antibiotic regimen.

Finally, a meta-analysis by Vamer et al. [19] explored the
benefit of the addition of rifampicin to the standard treatment
of CAP due to L. pneumophila, without observing different
outcomes. Authors concluded that rifampicin should not be
added to treat CAP due to Legionella spp. unless pneumonia
is severe or is refractory to the standard treatment.

In the last years, several clinical trials were published
assessing outcomes after comparing monotherapy versus
combination therapy. In a recent study, Postma et al. [21] did
not find differences in mortality after comparing fluoroquino-
lone monotherapy versus beta-lactam monotherapy versus be-
ta-lactam-—macrolide combination in non-ICU hospitalised pa-
tients; thus, authors concluded that beta-lactam monotherapy
was non-inferior to other regimens. Garin et al. [22] obtained
similar conclusions: No differences in mortality, length of stay
and ICU admission were observed after administration of a
beta-lactam alone versus a beta-lactam—macrolide regimen.
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Table 3 Published clinical trials in ward patients that assess monotherapy versus combination therapy
Author Year  Study population Objective Outcomes
Postma 2015 Multicentric, cluster- Compare outcomes after BL alone, Comparable mortality between different
etal. [21] randomized clinical trial, quinolone alone or BL-macrolide antibiotic regimens
enrolling 2283 patients combination
Garin 2014 Non-inferiority, multicentric, Compare clinical outcomes after BL Comparable mortality, length of stay and
etal. [22] randomized clinical trial, alone versus BL-macrolide association recurrence of pneumonia. Delayed clinical
in 580 patients stability after monotherapy in atypical
pneumonia and PSI V pneumonias
Lee et al. 2012 Open-label, unicentric, Compare outcome after high-dose Levofloxacin 750 mg per day showed
[23] randomized clinical trial, levofloxacin or cefiriaxone plus same mortality, clinical success and
enrolling 40 patients azithromycin microbiological eradication rate than
ceftriaxone plus azithromycin
Torres 2008 Multicentric, randomized, Compare outcomes after moxifloxacin Comparable mortality, adverse effects,
ctal. [24] double-blind non-inferiority monotherapy versus ceftriaxone plus clinical success and eradication rate
trial, enrolling 733 patients levofloxacin between the 2 arms
with PSI score Il to V
Lin et al. 2007  Open-label, randomized, Compare outcomes after levofloxacin Comparable mortality and clinical
[25] unicentric clinical trial, versus amoxicillin-clavulanate plus success rate were observed
enrolling 50 patients clarithromycin
Xu et al. 2006  Unicentric, randomized, Compare outcomes after moxifloxacin No differences were observed in terms
[26] open-label clinical trial, versus cefoperazone plus azithromycin of mortality, microbiological
cenrolling 40 patients cradication and adverse effects
Portieretal. 2005  Multicentric, randomized, Compare outcomes between moxifloxacin ~ No differences in mortality, eradication
[27] open-label clinical trial, versus amoxicillin<clavulanate plus rate or adverse effects

enrolling 346 patients

roxithromyein in CAP with risk factors

BL beta-lactam, RCT randomized controlled trial, CAP community-acquired pneumonia, PS/ pneumonia severity index

“The study includes ward and ICU patients

Patients with a pneumonia severity index (PSI) score of
IV or V and patients infected by atypical microorganisms
presented delayed clinical stability with monotherapy.
Other studies documented similar conclusions; a compa-
rable mortality and adverse effect rates, and a higher erad-
ication rate in the fluoroquinolone group were observed
by Lee et al. [23] after comparing high-dose levofloxacin
versus ceftriaxone plus azithromycin. No differences in
mortality or an increased eradication rate in the fluoro-
quinolone arm were found when comparing a fluoroquin-
olone versus a beta-lactam plus a macrolide [25-27]. One
clinical trial by Torres et al. [24] did not observe differ-
ences in mortality after comparing moxifloxacin mono-
therapy with ceftriaxone plus levofloxacin in a cohort of
CAP patients including 10 % with severe pneumonia (PSI
score IV or V).

Thirteen observational studies were identified. Several
studies, either prospective or retrospective, compared fluoro-
quinolone monotherapy with a beta-lactam monotherapy reg-
imen. Asadi et al. [28] did not find a difference in mortality
after comparing fluoroquinolone monotherapy with a beta-
lactam-macrolide regimen, in ward and ICU patients. When
comparing high-dose levofloxacin with ceftriaxone plus
azithromycin, a similar mortality was observed, but a decrease
in costs of treatment was documented after fluoroquinolone
administration [30, 33-35, 38, 39].

A decreased mortality was observed after the administra-
tion of a beta-lactam—macrolide combination when compared
with beta-lactam monotherapy [29, 32, 40]. In the paper by
Rodrigo et al., these conclusions were not observed in the
mildest forms of CAP. On the other hand, in patients with
severe CAP with pneumococcal bacteraemia, a difference in
mortality was not found between the administration of a beta-
lactam plus a macrolide and monotherapy with a beta-lactam
[37].

Two observational studies explored changes in mortality
after the addition of a macrolide. Restrepo et al. [31] found
that patients with CAP and severe sepsis had a decreased
mortality when a macrolide was added. Metersky et al. [36]
achieved the same conclusions in patients with bacteraemic
CAP admitted to the ward or in the ICU.

Intensive Care Unit

Ten studies were identified: one meta-analysis, one clinical
trial and eight observational studies (Table 5).

In 2014, Sligl et al. [41] published a meta-analysis explor-
ing outcomes after administration of combined therapy with a
macrolide regimen versus monotherapy or combined therapy
without a macrolide; 28 observational studies enrolling criti-
cally ill patients with CAP were included, accounting for near-
ly 10,000 patients. As a conclusion, mortality was lower in
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Table 4  Observational studies published in ward patients that assess monotherapy versus combination therapy

Author Year  Study population Objective Outcomes
Asadi 2013 Multicentric, retrospective, Compare outcomes after BL—- No differences in mortality
etal” [28] enrolling 3203 patients, macrolide versus quinolone between different regimens
63 % of which with PSI
score [V/V
Rodrigo 2013 Multicentric, retrospective, Compare mortality after BL— Higher mortality in moderate and
etal.” [29] enrolling 5240 patients macrolide versus BL alone severe CAP while comparable
in CAP depending from mortality was observed in milder
severity forms
Freietal. [30] 2009 Multicentric, retrospective Compare length of stay and Lower length of stay and length of
enrolling 495 patients antibiotic duration after treatment were observed after high
administration of high dose dose levofloxacin
levofloxacin versus ceftriaxone
plus azithromycin
Restrepo 2009  Multicentric, retrospective, Explore changes in mortality Lower mortality when a macrolide
etal” [31] enrolling 237 patients after addition of a macrolide was added
in CAP with severe sepsis
Bratzler 2008  Multicentric, retrospective, Compare mortality after 3rd Higher mortality after BL alone with
etal. [32]° enrolling 27,330 patients generation cephalosporin respect to the administration of a
versus quinolone or a BL— quinolone alone or a BL-macrolide
macrolide regimen combination
Bhavnani 2008  Multicentric, prospective Explore cost-effectiveness of Comparable mortality with different
etal. [33] study oral gemifloxacin compared regimens; lower costs with quinolone
with cefiriaxone with/without therapy
macrolide
Lloyd 2008 Multicentric, retrospective, Explore costs after moxifloxacin Lower costs after moxifloxacin administration;
etal.” [34] enrolling 738 patients versus cefiriaxone plus comparable treatment success rate
levofloxacin
Lodise 2007  Multicentric, retrospective Compare outcomes after BL- Lower mortality after combination therapy
etal.” [33] study enrolling 515 macrolide versus quinolone in PSI V; no difference in mortality in PSI
patients administration lower than V
Metersky 2007  Multicentric, retrospective, Explore if atypical coverage was Lower mortality after atypical coverage;
etal.” [36] enrolling 2209 patients associated with different further decrease in mortality if coverage
with bacteraemic CAP outcomes was with a macrolide-based regimen
Dwyer 2006  Prospective, multicentric Compare outcomes afier BL No differences in mortality after BL alone
etal” [37] study enrolling 340 patients monotherapy compared with versus BL plus macrolide
with bacteraemic BL-macrolide regimen
pneumococcal CAP
Welte et al. 2005 Multicentric, randomized Compare outcomes after Same montality with a faster clinical
[38] non-blinded clinical trial moxifloxacin versus improvement after moxifloxacin
enrolling 317 patients ceftriaxone with/without administration
erythromycin administration
Querol-Ribelles 2005  Prospective, unicentric, Compare outcomes after Lower mortality after levofloxacin
etal. [39] enrolling 459 patients levofloxacin monotherapy administration; no difference in
versus ceftriaxone plus terms of length stay
clarithromycin
Garcia Vazquez 2005 Prospective, multicentric Assessing changes in outcomes Lower mortality after combined

etal. [40]

study enrolling 1391
patients

after administration of a BL—

macrolide regimen versus a BL alone

therapy in all severity pneumonias

BL beta-lactam, PS/ pneumonia severity index, CAP community-acquired pneumonia

“The study includes ward and ICU patients

patients who received combination therapy with a macrolide,
when compared with that in those who received monotherapy
or combination therapy without a macrolide.

Leroy et al. [42] performed a clinical trial enrolling 398
critical patients without shock or a requirement for mechanical
ventilation and compared levofloxacin with ceftriaxone plus

@_ Springer

ofloxacin; no differences in mortality, clinical resolution and
adverse event rate were observed.

Five observational studies obtained similar results. Our
group of research in pneumonia, in a case-control analysis
published in 2014 [3], observed an increased survival after
combination therapy; this association was found in the main
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Table 5 Published studies in ICU patients that assess monotherapy versus combined therapy

Author Year  Study design  Study population Objective Outcomes
Sligl et al. 2014 Meta-analysis ~ Twenty eight Compare outcomes after Combined therapy with a
[41] observational macrolide-containing macrolide regimen was
studies, without clinical regimen versus non- associated with lower
trials, enrolling 9850 macrolide regimens mortality
patients
Leroy et al. 2005  Clinical trial Multicentric, randomized, Explore outcomes after Comparable mortality, clinical
[42] open-label clinical trial, levofloxacin monotherapy resolution and adverse effects
enrolling 398 patients versus cefotaxime rate after administration of
without shock or plus ofloxacin either monotherapy or
mechanical ventilation combined therapy
Gattarello 2014  Observational ~ Multicentre, case-control Compare mortality after Combined therapy was associated
etal. [3¢] analysis of a prospective monotherapy versus with improved survival in patients
data compared with an combined therapy with shock, under mechanical
historic cohort, enrolling ventilation, and without shock
80 patients neither mechanical ventilation
Adrie et al. 2013 Observational ~ Multicentre, retrospective Compare mortality and Combined therapy improved survival
[43] study enrolling 956 resistance development in patients with shock; combined
patients after combined versus therapy increased probability of
monotherapy adequate treatment; no resistance
development was observed in
combination therapy
Rello et al. 2012 Observational ~ Multicentric, retrospective Compare mortality after BL- No differences in mortality: higher
[44] enrolling 1989 patients macrolide versus BL— length of stay after BL—quinolone
over 65 years quinolone administration
Rello et al. 2012 Observational  Multicentre, retrospective, Compare mortality in Lower mortality after combination
[45] enrolling 25 patients with Legionella pneumonia therapy in patients with shock
severe sporadic
Legionella pneumonia
Martin-Loeches 2010 Observational ~ Multicentre, prospective Explore changes in mortality Lower mortality in patients that
ctal. [46] study enrolling 218 after macrolide addition in received macrolide-based
patients intubated patients with CAP combination therapy
Rodriguez 2007  Observational ~ Multicentre, prospective Compare mortality after Lower mortality in patients with
ctal. [47] study enrolling 529 combination therapy or shock after combination therapy
patients monotherapy administration administration
Harbarth 2005  Observational  Multicentre, retrospective Compare mortality after No differences in mortality after
etal. [48] analysis of 1840 patients monotherapy versus combined monotherapy or combination
with pneumococcal CAP therapy therapy
and severe sepsis/septic
shock
Mortensen 2005  Observational ~ Multicentric, retrospective Compare mortality after BL—- Higher mortality when BL plus
ctal. [49] study enrolling 172 quinolone versus other quinolone versus other guidelines-

patients with severe CAP

guidelines-concordant
antibiotic regimens

concordant regimens

BL beta-lactam, CAP community-acquired pneumonia, RCT randomized controlled trial

cohort and in all analysed subgroups: patients with shock or a
need for mechanical ventilation, and critically ill patients with-
out shock or a need for mechanical ventilation. Adrie et al.
[43] documented a decreased mortality after combination the-
rapy; interestingly, this association was stronger in patients
with shock or with pneumococcal infection. Rello et al. doc-
umented the same trend [45] in patients with severe CAP by
L. pneumophila and shock, Rodriguez et al. [47] in patients
with severe CAP with shock and Martin-Loeches et al. [46] in
intubated patients with CAP.

Only one study published by Harbarht in 2005 [48] docu-
mented a comparable mortality between monotherapy and
combination therapy in patients with CAP and severe sepsis

or shock.

Finally, two studies explored outcomes after administration
of a beta-lactam-macrolide regimen compared with a beta-
lactam—fluoroquinolone regimen:; Mortensen et al. [49] found
a lower mortality after administration of the macrolide-based
regimen in a cohort of 172 critical patients with severe CAP.
Conversely, Wilson et al. [44] did not find differences in
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mortality in elderly patients with CAP. It was noteworthy that
a higher length of stay was documented in the beta-lactam—
fluoroquinolone group.

Discussion

In the present article, we reviewed the available literature re-
garding monotherapy versus combined therapy in CAP. Al-
though recent publications have not resolved all the remaining
controversies, a majority of the meta-analyses and the obser-
vational studies support combination therapy with macrolide
therapy, but the outcomes measured in clinical trials did not
favour either arm.

In summary, outpatients with CAP without risk factors for
a poor clinical outcome did not benefit from combined thera-
py: hence, monotherapy with either a macrolide, a fluoroquin-
olone or a beta-lactam may be proposed as no differences in
mortality were observed by any specific antibiotic class. This
controversy reflects the differences between the European and
American guidelines. In fact, unlike the American guidelines,
the European guidelines do not recommend empiric atypical
coverage as a first-line treatment.

On one side, fluoroquinolone administration appears to be
associated with a higher eradication rate, a lower treatment
failure and possibly less cost of treatment; however, concerns
about an increased resistance rate after fluoroquinolone ad-
ministration have been raised [S0]. In the case of a social
environment with high rates of pulmonary tuberculosis, the
empiric use of a fluoroquinolone could actually mask pulmo-
nary tuberculosis delaying its diagnosis [51]. Thus, antibiotic
prescription should be done considering local epidemiological
data, i.e. the most frequent actiologies of CAP and the local
resistance pattern.

In the case of outpatients with CAP and with risk factors for
poor clinical evolution, there is evidence supporting atypical
coverage, although no differences in mortality were observed,
and there was a decreased cost of treatment because of re-
duced treatment failures and secondary hospital admissions.
Although the American guidelines recommend a fluoroquin-
olone or a beta-lactam plus a macrolide equally, some authors
advocate the use of a beta-lactam plus macrolide combination.
A decision should be guided by local guidelines based on
epidemiological data.

In case of a hospitalised non-ICU patient, contrasting
conclusions do not allow supporting the administration of
monotherapy rather than combination therapy. As a gen-
eral indication, in case of a mild to moderate pneumonia
without risk factors for a poor clinical evolution, the use
of a beta-lactam or a fluoroquinolone in monotherapy is
probably the best choice. Conversely, in case of moderate
to severe CAP with PSI score of IV or V, bacteraemia due
to Streptococcus pneumoniae, the presence of risk factors
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for a poor outcome, or a high suspicion of atypical pneu-
monia, the use of beta-lactam monotherapy is probably
not enough. Again, because of the current lack of evi-
dence, the use of a fluoroquinolone monotherapy rather
than a beta-lactam and macrolide association should be
based on local epidemiological considerations. It is note-
worthy that levofloxacin 750 mg per day is more effective
than standard dose (500 mg), without an increase of ad-
verse effects [22].

Finally, in case of severe CAP and ICU admission,
stronger evidence for promoting the use of combined ther-
apy was published. In fact, a meta-analysis and several
observational studies documented an increased survival
after dual antibiotic administration. This statement seems
to be conclusive in patients with septic shock, although it
was not always confirmed in the rest of ICU patients.
However, despite the contrasting results in ICU patients
without shock and because of the high mortality of severe
CAP, it seems safer to administer combination therapy to
all ICU patients with CAP. Furthermore, according with
the meta-analysis of Sligl et al., the combination regimen
associated with the highest survival appears to be a beta-
lactam plus a macrolide as opposed to without a
macrolide.

The main argument to justify combination therapy in mild
to moderate pneumonia is the coverage of atypical agents;
although contrasting results were obtained regarding mortali-
ty, it appears that in certain subgroups (i.e. the presence of risk
factors for a poor outcome or bacteraemic pneumococcal
pneumonia), atypical coverage is likely beneficial in terms
of cost of treatment, cradication rate and clinical resolution.
Alternatively, in case of severe CAP, the use of combined
therapy is almost always associated with a decreased mortal-
ity: in fact, it was observed that the lack of atypical coverage in
atypical pneumonia was associated with an increased mortal-
ity [52]; moreover, the association between macrolide use and
a reduced mortality may be explainable by the
antiinflammatory effects attributed to macrolides [41, 46]. In
fact, severe CAP is often associated with sepsis or septic
shock, and macrolide administration may decrease the inflam-
matory reaction. A reason that might explain why not all stud-
ies observed a reduced mortality after macrolide administra-
tion is because only patients with a high inflammatory re-
sponse may benefit from it. However, this is a hypothesis
and should be confirmed with a well-designed randomised
controlled trial.

The use of combined therapy aroused concerns about the
development of antibiotic resistance. In the present review,
only one study [43] explored this issue, without differences
in the development of new bacterial resistances after either
monotherapy or combination therapy. Follow-up studies ex-
ploring microbial resistance after monotherapy or combina-
tion therapy would be beneficial.
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Conclusions

Although many controversies remain in the optimal treatment
of CAP, the use of combined therapy seems to be associated
with an improved mortality in cases of severe CAP that re-
quires ICU admission, especially when a beta-lactam—
macrolide is prescribed. Moreover, it appears that combina-
tion therapy may be associated with better outcomes in cases
of outpatient or ward hospitalised patients with risk factors for
a poor outcome, with bacteraemic pneumococcal pneumonia
and with a high suspicion of infection by atypical agents. In
this setting, it appears that the best choice of treatment may be
a beta-lactam-macrolide regimen.

In the next years, forthcoming challenges will be to better
identify the subgroups of patients that are benefited by com-
bination therapy. and to study the impact of monotherapy and
combination therapy in the emergence of new antimicrobial
resistances.
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