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ACTH: Hormona adrenocorticotropa.

CIRCI: Critical lllness-Related Corticosteroid Insufficiency.
CRH: Hormona liberadora de corticotropina.

GC: Glucocorticoide/s.

GTC: globulina transportadora de cortisol.
HDCST: high-dose corticotropin stimulation test.
HHS: hipotalamico-hipofisario-suprarrenal.

ISR: Insuficiencia suprarrenal relativa.

LDST: Low-dose steroid therapy.

RGC: Receptor glucocorticoide.

SOFA: Sepsis-related Organ Failure Assesment.
TCE: Traumatismo craneoencefalico.

UCI: Unidad de Cuidados Intensivos.



Lista de articulos originales

1. Low dose steroid therapy does not affect hemodynamic response in
septic shock patients. Raurich JM, Llompart-Pou JA, Ibafiez J, Frontera
G, Pérez O, Garcia de Carlos L, Ayestaran Jl. J Crit Care 2007; 22:324-
9.

2. Respuesta hemodindmica precoz a los corticoides en el shock séptico.
Llompart-Pou JA, Raurich JM, lbafez J, Riesco M, Ayestaran JI. Med
Intensiva 2008; 32:385-90.

3. Relationship between plasma adrenocorticotropin hormone and intensive
care unit survival in early traumatic brain injury. Llompart-Pou JA,
Raurich JM, Ibafiez J, Burguera B, Ayestaran JlI, Pérez-Béarcena J. J
Trauma 2007; 62:1457-61.

4. Acute HPA response in traumatic brain injury with and without
extracerebral trauma. Llompart-Pou JA, Raurich JM, Pérez-Barcena J,
Barceld A, Ibafiez J, Ayestaran JI. Neurocrit Care 2008; 9:230-6.

5. Correlation between brain interstitial and total serum cortisol levels in
traumatic brain injury. A preliminary study. Llompart-Pou JA, Pérez G,
Pérez-Barcena J, Brell M, Ibafiez J, Riesco M, Abadal JM, Homar J,
Marsé P, lbafiez, Burguera B, Raurich JM. J Endocrinol Invest 2010;
33:368-72.

6. Loss of cortisol circadian rhythm in patients with traumatic brain injury: a
microdialysis evaluation. Llompart-Pou JA, Pérez G, Raurich JM, Riesco
M, Brell M, Ibafiez J, Pérez-Barcena J, Abadal JM; Homar J, Burguera B.

Neurocrit Care 2010.

Vi



Vil



1. Introduccioén



1.1. Fisiopatologia del eje hipotalamico-hipofisario suprarrenal

El cortisol es el glucocorticoide (GC) principal en el humano y se secreta a nivel
de la glandula suprarrenal. En personas sanas, es producido tras la
estimulacién por la hormona adrenocorticotropa (ACTH, ver Figura 1), que se
libera en la hipdfisis tras ser estimulada, a su vez, desde el hipotalamo por la
hormona liberadora de corticotropina (CRH). Estas dos hormonas estan
sometidas a un mecanismo de retroalimentacion negativo por el cortisol
circulante. Ademas, este sistema se encuentra estrechamente ligado al sistema
inmunoldgico, que ejerce asimismo acciones estimulantes y supresoras del eje
hipotalamico-hipofisario-suprarrenal (HHS) a través de las citoquinas pro y
antiinflamatorias. De este modo, se obtiene una liberacién de cortisol que sigue
un ritmo circadiano con pico durante la mafana (Cooper, 2003; Mesotten,
2008). La vida media circulante es de 70-120 minutos, su semivida bioldgica de
aproximadamente 6-8 horas y su precursor fundamental es el colesterol (Marik,

2009).

El cortisol circulante se encuentra ligado en su mayor parte a la globulina
transportadora de cortisol (GTC), y en menor medida a la albumina. La fraccién
libre de cortisol, que es la biolégicamente activa, constituye menos del 10% del
cortisol total (Cooper, 2003; Mesotten, 2008, Lamberts, 1997). El cortisol pasa
desde el plasma al espacio intersticial, y desde alli, a la célula (ver Figura 2),
donde a través del sistema enzimatico de la 11B-hidroxiesteroide
deshidrogenasa, se une y activa al receptor glucocorticoide (RGC), de

localizacion citoplasmatica, que se encuentra unido a las proteinas "heat



shock" e inactivo. Entonces, se producen diversos cambios estructurales, y el
complejo GC-RGC se libera de las proteinas "heat shock" y se trasloca al
nucleo de la célula. Los mecanismos por los que el RGC interfiere con la
transcripcion de mediadores proinflamatorios son la unién a zonas especificas
del DNA y la interaccién con varios factores de transcripcion nuclear. Todo ello
resulta en un significativo aumento en la actividad celular GC, que constituye
un componente esencial en la adaptacion al estrés y en el mantenimiento de la

homeostasis celular y organica (Prignent, 2004; Cohen, 2009).

La aldosterona, también secretada en la glandula suprarrenal, es el
mineralocorticoide principal en el hombre. Sin embargo, su secrecidon es
regulada fundamentalmente por el sistema renina-angiotensina y los niveles
plasmaticos de potasio, y también juega un papel fundamental en la

homeostasis (Findling, 1987; Lamberts, 1997).
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Figura 1. Activacion del eje HHS y su relacion con la respuesta inflamatoria

(Marik, 2008).
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1.2. Efectos de los glucocorticoides en el paciente critico

La enfermedad critica en cualquiera de sus manifestaciones, representa un
estrés de gran intensidad y persistente en el tiempo para los pacientes. De un
modo general, el tratamiento debe encaminarse al reconocimiento del agente
agresor y a la rapida restauracion de los mecanismos fisiopatolégicos
afectados, con especial atencién al sistema cardiovascular (Messotten, 2008).
En los pacientes criticos, dificimente puede alcanzarse un estado
“eucorticoideo”, que podria definirse como aquel en que la cantidad de cortisol
endogeno secretado o el cortisol exdgeno administrado se adapta a las
necesidades del estrés (Burchard, 2001). Es bien conocido que los efectos de
los corticoides sobre el sistema cardiovascular, metabdlico e inmune

representan un papel fundamental en la respuesta de adaptacion al estrés.

Su influencia sobre el sistema cardiovascular ha recibido gran atencién en la
literatura. Los GC son necesarios para conseguir una correcta respuesta a la
angiotensina |l, adrenalina y noradrenalina, facilitando el mantenimiento de la
contractilidad cardiaca, el tono vascular y la presion arterial (Cooper, 2003;
Marik, 2002). Dichos efectos estan mediados, en parte, por una elevada
transcripcion y expresion de los receptores de dichas hormonas y por un
aumento de la sensibilidad contractii a la noradrenalina (Sakaue, 1991;
Annane, 1998). Ademas, los GC disminuyen la produccién de éxido nitrico y
prostaglandinas vasodilatadoras, relajantes vasculares y moduladores de la
permeabilidad vascular, a través del bloqueo de la transcripcién (Satoh, 2001;

Matsumura, 2001).



Por otra parte, los GC aumentan la concentracion de glucosa, facilitando su
liberacion a la circulacion durante el estrés. Dicho efecto se consigue a través
de un aumento de la gluconeogénesis hepatica al aumentar la actividad de la
glucosa-6-fosfatasa y una disminucién de la recaptacion por el tejido adiposo
periférico (Pilkis, 1992). Otros mecanismos implicados incluyen una activacion
de la proteolisis y la liberacion de acidos grasos desde el tejido adiposo y la
liberacion de aminoacidos desde las proteinas. Todo ello representa un
suplemento de energia a la célula en situaciones de estrés (Mesotten, 2008).

Finalmente, los GC poseen efectos antiinflamatorios € inmunosupresores que
se encuentran mediados por diferentes mecanismos, fundamentalmente a
través de la modulacion del complejo de las citoquinas, factor de necrosis
tumoral-a, activacion del complemento y la inhibicién del factor nuclear NF-kf3

(Venkataraman, 2007; Mesotten, 2008).

Ante una situacion de estrés, el organismo intenta elevar los niveles de cortisol
como respuesta. Esta se produce a través de diversos mecanismos, que
pueden hallarse alterados en el enfermo critico (Beishuizen, 2001; de Jong,

2006, Marsé Milla, 2008):

-Aumento la actividad GC a expensas de una disminucion de la actividad
mineralocorticoide.

-Aumento de la actividad de la CRH y la ACTH y disminucion de los
mecanismos de retroalimentacion negativa.

-Aumento del numero de RGC.

-Disminucion de los niveles de GTC, con aumento de la fraccion libre

biolégicamente activa.



- Modulacién de las citoquinas pro/antinflamatorias, que pueden modificar el
metabolismo del cortisol, inhibir la liberacion de CRH y ACTH y reducir la

afinidad del cortisol por los RGC.



1.3. Conceptos historicos y terminologia

El estudio del eje HHS y el tratamiento con corticoides ha sido un tema de
recurrente interés cientifico en las ultimas décadas. La terminologia utilizada
para describir la afectaciéon del eje HHS en los pacientes criticos ha ido
evolucionando, incluyendo diferentes términos como insuficiencia suprarrenal,
insuficiencia suprarrenal primaria, secundaria etc. Desde los trabajos de
Annane emergié el concepto de insuficiencia suprarrenal relativa (ISR),
ampliamente empleado en los estudios posteriores al afio 2002 y que describe
un incremento de las cifras de cortisol respecto al basal tras la estimulacion
glandular con 250 pg de ACTH sintética (también Illamado high-dose
corticotropin stimulation test (HDCST)) < 9 ug/dL a los 30 y 60 minutos
(Annane, 2000; Annane, 2002). Sin embargo, esta definicion resulta
controvertida, debido a que no se considera valida en pacientes con
hipoalbuminemia (Hamrahian, 2004), no tiene en cuenta las cifras de cortisol
basal (Venkataraman, 2007; Mesotten, 2008), existe un gran variabilidad entre
los distintos sistemas de medicién (Briegel, 2009) y no valora la gravedad de la
enfermedad subyacente (Mesotten, 2008)

Por todo, ello, recientemente se ha acuiiado el concepto de CIRCI (Critical
lliness-Related Corticosteroid Insufficiency), que se define como la inadecuada
respuesta del cortisol para la gravedad de la enfermedad subyacente (Marik,
2008; Marik, 2009), sin especificar consideraciones del diagndstico bioquimico
del fallo del eje HHS. Sin embargo, este término no se ha utilizado en la
mayoria de estudios publicados hasta la fecha en la valoracion del fallo del eje

HHS en los pacientes criticos.



1.4. Diagnéstico del fallo del eje HHS

Diferentes cifras de cortisol basal, pico maximo tras estimulacién, incremento
de cortisol respecto al basal tras la estimulacion glandular o combinaciones de
los anteriores parametros, se han propuesto como sugestivas de fallo del eje
HHS (fundamentalmente bajo el término ISR). Como ya se ha sefalado
previamente, existen importantes dificultades técnicas en la determinacion
bioquimica de esta entidad (Arafah, 2006), que ademas se agravan si
consideramos que en el paciente critico el ritmo circadiano habitual en la
secrecion de cortisol se encuentra abolido en la mayor parte de los casos
(Paul, 2007). Se detallan algunos de los parametros empleados, sobre todo en

los pacientes sépticos.

Cortisol basal

Un cortisol basal inferior a 10 ug/dL seria indicativo de ISR, mientras un cortisol
basal por encima de 34 pg/dL permitiria excluir de forma razonable este
diagndstico (Lamberts, 1997). Marik y Zaloga realizaron un estudio con 59
pacientes en shock séptico, observando que una cifra de cortisol basal de 23,7
pg/dL era el valor mas adecuado para el diagnéstico de ISR al predecir con
mayor seguridad la repuesta hemodinamica al tratamiento con corticoides.
Hallaron, con este criterio, una incidencia del ISR del 61% en pacientes con
shock séptico (Marik, 2003). Sin embargo, otros autores encontraron una
acusada variabilidad en determinaciones horarias de cortisol en enfermos

sépticos (Venkatesh, 2005).
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Incremento de cortisol tras estimulacion de la glandula suprarrenal

Desde el estudio de Annane y cols (Annane, 2002), la estimulacién de la
glandula suprarrenal con 250 ug de ACTH sintética se ha convertido en el
método de diagndstico utilizado habitualmente en la mayoria de UCIs. Un
incremento < 9 ug/dL identificaria a los enfermos con ISR. Sin embargo, este
método ha sido criticado, puesto que supone una estimulacion suprafisiolégica
de la glandula suprarrenal (Marik, 2002; Widmer, 2005). De este modo,
recientemente se ha propuesto el uso de 1 uyg de ACTH sintética como método
de eleccion en pacientes sépticos (Siraux, 2005) y traumaticos (Dimopoulou,
2004). Al tratarse de una dosis mas fisioldgica, seleccionaria un subgrupo de
pacientes con ISR que el test con dosis altas no identificaria (Dimopoulou,
2004). Sin embargo, su uso en la valoracion de ISR en el paciente critico ha
sido también criticado, puesto que dicha dosis podria no evaluar la maxima
capacidad secretora de la glandula y ademas debe realizarse una dilucién

adecuada para obtener dicha dosis (Annane, 2005).

Pico de cortisol tras la estimulacion suprarrenal

Otros autores consideran el pico de cortisol tras la estimulacion suprarrenal
como el mejor parametro predictivo de la funcién de la glandula suprarrenal.
Han sido propuestos valores de 18 ug/dL (Bouachaour, 1995; Soni, 1995) a 22
pg/dL (Patel, 1991). Hay que destacar que en un estudio retrospectivo que
incluia 113 pacientes traumaticos con inestabilidad hemodinamica a los que se
les estudid la funcion suprarrenal en los 10 primeros dias tras el traumatismo,
la respuesta a los 60 minutos tras el HDCST se correlacion6 mejor con la

maxima capacidad secretora de la glandula (Bernard, 2006).
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Cortisol basal y estimulado

Se han propuesto diferentes algoritmos que combinan los valores de cortisol
basal y la respuesta a la estimulacion glandular para el diagnéstico de ISR
(Annane, 2003, Gonzalez, 2006, ver Figura 3). Este enfoque lleva al concepto
de resistencia tisular a los GC, que reflejaria una situacion en la que se
produce una disminucién de la actividad GC, al interactuar el sistema inmune
sobre la sintesis de GTC, y secundariamente, sobre la liberacidon de cortisol en
el higado. Deberia sospecharse ante la presencia de un cortisol basal superior

a 34 pg/dL con una respuesta al HDCST superior a 9 pg/dL (Annane, 2003).
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Figura 3. Algoritmo recomendado que incluye la determinacion de cortisol

basal y tras HDCST en pacientes criticos (Cooper, 2003).
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Determinacion de cortisol libre

Algunos autores han propuesto el uso de la determinacion de cortisol libre
(porcion biolégicamente activa), que refleja de un modo mas preciso la funcién
del eje HHS en pacientes criticos (Hamrahian, 2005; Ho, 2006). Sin embargo,
la experiencia es limitada y la determinacion de cortisol libre no se encuentra

disponible en la mayoria de centros.
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1.5. Relacion entre la funcién del eje HHS y la mortalidad

La incidencia de ISR o CIRCI en el paciente critico es variable segun cuales
sean los criterios diagndsticos utilizados (Marik, 2002; Arafah, 2006; Bernard,
2006; de Jong, 2006; Marsé Milla, 2008).

Tanto la determinacion de cortisol basal, como la determinacién del pico de
cortisol tras la estimulacion glandular, el incremento de cortisol tras la
estimulacién glandular y una combinacion de cortisol basal y tras estimulacion
han sido evaluados (Ligtenberg, 2004; Bollaert, 2003; Bernard, 2006, Marsé
Milla, 2008). Los valores asociados con la mortalidad han sido discordantes,
aunque, en general, unos niveles elevados de cortisol basal y un incremento <
9 pg/dL tras la estimulacion glandular con 250 ug de ACTH sintética son los
valores mas consistentemente asociados a un incremento de la mortalidad,
especialmente en pacientes sépticos (Lamberts, 1997; Annane, 2000; Bollaert,
2003; De Jong, 2006). El estudio mas ambicioso en términos prondsticos fue el
publicado por Annane y cols (Annane, 2000). En dicho estudio, incluyendo 189
pacientes criticos se establecieron los siguientes grupos con diferente
supervivencia asociada:

-Cortisol basal < 34 ug/dL e incremento del cortisol tras la estimulacién
glandular con 250 ug de ACTH sintética < 9 ug/dL: supervivencia del 18%
-Cortisol basal > 34 ug/dL e incremento de cortisol tras estimulacion > 9 ug/dL
o cortisol basal < 34 ug/dL e incremento de cortisol < 9 pg/dL: supervivencia del
32%.

-Cortisol basal < 34 pg/dL e incremento de cortisol > 9 ug/dL: supervivencia del

70%.
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1.6. Manifestaciones clinicas de la disfuncién del eje HHS

Las manifestaciones clinicas sugestivas de CIRCI en el paciente critico son a
menudo inespecificas, o dificimente valorables en un paciente conectado a
ventilacion mecanica, inestable hemodinamicamente, sedado y con multiples
factores de confusion. Los pacientes con un trastorno crénico del eje HHS
pueden presentar sintomas como debilidad, pérdida de peso, anorexia, letargia
y en algunos casos nauseas, vomitos, dolor abdominal y diarrea. Los analisis
pueden mostrar hiponatremia, hiperpotasemia, hipoglucemia y anemia
normocitica. En el caso del CIRCI, las manifestaciones clinicas son
consecuencia de una exagerada respuesta proinflamatoria, y la hipotensién
arterial refractaria a fluidos es su manifestacion mas frecuente y relevante
clinicamente. El laboratorio puede mostrar eosinofilia e hipoglucemia, aunque
éstos no sean datos con gran especificidad (Cooper, 2003; Marik, 2003, Marik,

2009).
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1.7. Papel del tratamiento sustitutivo con corticoides

Debido a la repercusion clinica de la hipotension refractaria a volemia,
manifestacion fundamental del CIRCI, es entendible el interés en el estudio del
eje HHS en los pacientes criticos ingresados en la Unidad de Cuidados
Intensivos (UCI). De entre los pacientes criticos, destacan los estudios
realizados en dos poblaciones: los pacientes con sepsis severa/shock séptico y

los pacientes con traumatismo craneoencefalico (TCE).
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1.7.1. Sepsis

Los pacientes sépticos habitualmente presentan una vasodilatacion profunda
con una circulaciéon hiperdinamica, que se puede modificar en el curso de la
sepsis. En este contexto, se produce una hipotension arterial severa, con un
cuadro establecido de shock séptico, que presenta tasas de mortalidad en
torno al 50%. Los esfuerzos terapéuticos, se centran, entre otras medidas, en
una rapida restauracion hemodinamica, y en este contexto, es donde puede
jugar un papel importante la existencia de CIRCI y el potencial tratamiento
sustitutivo con corticoterapia.

Como ya se ha resefiado previamente el diagndstico bioquimico de la entidad
es complejo por cuestiones metodoldgicas. Sin embargo, el tratamiento con
corticoides (fundamentalmente por sus efectos cardiovasculares, pero también
inmunoldgicos) se ha estudiado desde hace varias décadas.

El uso de dosis altas de corticoides en pacientes sépticos se ha evaluado
desde los afios 80. Algunos estudios mostraron su falta de eficacia, con un
marcado aumento en el numero de complicaciones asociadas (Sprung, 1984;
Luce, 1988). Este hecho llevo al abandono de este tratamiento, hasta que los
estudios preliminares del grupo de Annane sugirieron un papel importante de la
disfuncion HHS en estos pacientes (Annane, 2000). En la ultima década, se ha
retomado el estudio del tratamiento con corticoides, en esta ocasién con dosis
menores (fisiologicas) de hidrocortisona con/sin fludrocortisona. Este
tratamiento se ha llamado tratamiento sustitutivo suprarrenal o “low-dose
steroid therapy (LDST)". El estudio de Annane y cols (Annane, 2002), incluyé

299 pacientes en shock séptico a los que se les realizd una prueba de
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estimulaciéon suprarrenal con 250 ug de ACTH sintética y fueron tratados con
hidrocortisona 50 mg/6horas iv. asociada a fludrocortisona 50 ug/24h por via
digestiva frente a placebo. Un total de 229 pacientes (76%) incrementaron la
cifra de cortisol tras la estimulacion < 9 ug/dL, considerandose respuesta
anormal. En este subgrupo (predefinido) la mortalidad a los 28 dias fue inferior
en el grupo tratado con corticoides respecto a placebo (53% frente a 63%; p =
0,02), y se pudo retirar de modo mas precoz el soporte vasoactivo. Sin
embargo, en el grupo de pacientes con respuesta normal (incremento superior
a 9 pg/dL), se observo una tendencia (no significativa) a una mayor mortalidad
entre los pacientes tratados con LDST. La incidencia de efectos adversos
secundarios fue la misma en los pacientes tratados con corticoides que con
placebo. Ademas del estudio de Annane y cols, diversos trabajos han mostrado
una disminucién en las necesidades de noradrenalina y un menor tiempo hasta
su retirada en series reducidas de pacientes en shock séptico tratados con
LDST (Bollaert, 1998; Briegel, 1999; Oppert, 2000; Marik, 2003; Keh, 2003),
existiendo cierto consenso en los beneficios hemodinamicos en cuanto a la
reduccion del tiempo de shock (Annane, 2009; Sligl 2009).

Sin embargo, y ante las criticas metodologicas recibidas por los estudios
previos (Ligtenberg, 2004; Keh, 2004, Thys, 2005), se llevé a cabo un estudio
europeo multicéntrico (CORTICUS), en buena parte realizado por los mismos
autores, que debia determinar el papel definitivo de la terapia sustitutiva
suprarrenal en pacientes sépticos (Sprung, 2008). Lejos de confirmar los
resultados del estudio de Annane y cols, el estudio CORTICUS mostré que el
uso de hidrocortisona (50 mg/6h iv. y desescalonamiento progresivo a partir del

6° dia) en el shock séptico no se asocié a una disminucién de la mortalidad,
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aunque si a una reduccion del tiempo de shock en una poblacion de 499
pacientes. Ademas evidencié el limitado papel de la estimulacion glandular con
HDCST como guia del tratamiento con corticoides en estos pacientes. Sin
embargo, este estudio también tiene limitaciones, entre las que destacan un
bajo poder estadistico al no reclutarse los 800 pacientes previstos, la inclusién
de pacientes con menor gravedad definida por indices de gravedad e
incidencia de hipotension arterial, el predominio de pacientes quirurgicos y el
uso de hidrocortisona sin fludrocortisona y con desescalonamiento progresivo
del tratamiento. Debido a estos aspectos, los estudios de Annane y Sprung no
son equiparables en su totalidad.

En cualquier caso, los resultados del este estudio han llevado a modificar el
grado de recomendacién de dicho tratamiento en las guias de la Surviving
Sepsis Campaign, que recomienda el uso de corticoides sélo en aquellos casos
con disfuncién organica e hipotension arterial refractaria a la reposicién de
volemia y farmacos vasoactivos (Dellinger, 2008). La controversia existente en
los pacientes sépticos respecto al papel de la terapia sustitutiva suprarrenal y
su influencia sobre la mortalidad se refleja en las diferentes interpretaciones de
los 2 metaanalisis mas recientes (Annane, 2009; Sligl, 2009).

El primer trabajo (Annane, 2009), incluyendo todos los estudios aleatorizados
realizados con cualquier tipo de corticoide y a diferentes dosis en pacientes con
shock séptico muestra una disminucion de la mortalidad en los pacientes
tratados (ver Figura 4). El segundo trabajo (Sligl, 2009), que incluye los
estudios aleatorizados recientes en los que se empled la LDST y los dos
estudios retrospectivos con mayor peso estadistico en pacientes sépticos,

concluyo que el tratamiento con LDST no se asocié a una disminucion de la
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mortalidad en la poblacién global ni en los grupos de pacientes con

mala respuesta a la estimulacién glandular suprarrenal (ver Figura 5).
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Figura 4. Mortalidad a los 28 dias segun tratamiento con corticoides o placebo

en el shock séptico (Annane, 2009).
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Figura 5. Mortalidad a los 28 dias segun tratamiento con corticoides o placebo

en el shock séptico (Sligl, 2009).
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1.7.2. Traumatismo craneoencefalico

La funcion del eje HHS en el paciente con TCE presenta unas caracteristicas

especiales que deben ser consideradas. Los pacientes con TCE presentan en

muchas ocasiones un traumatismo directo sobre el area hipotalamica e

hipofisaria, cuya vascularizacién y caracteristicas anatdmicas hacen que sea

especialmente sensible a las agresiones traumaticas (Koiv, 1997; Dimopoulou,

2005, ver Figura 6).
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Figura 6. Vascularizacion y anatomia del area hipotalamico-hipofisaria (Urban,

2006).
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La agresion traumatica puede resultar tanto en una estimulacion como en una
inhibicion de la funcién hipofisaria y la respuesta suprarrenal (Koiv, 1997).
Recientes estudios con resonancia magnética cerebral han mostrado diversas
lesiones mediadas por el propio TCE y por fendmenos de necrosis celular,
siendo mas frecuente hallarlas en aquellos pacientes con TCE que también
presentan alteraciones endocrinas (Schneider, 2007). Todo ello hace que sea
dificil establecer a qué nivel se produce la disfuncion del eje HHS en estos
pacientes. Mientras algunos autores afirman que en la mayor parte de las
ocasiones la disfuncién del eje se produce a nivel glandular (afectacion
primaria) (Dimopoulou, 2004; Dimopoulou, 2005), otros autores sugieren que la
afectacion puede producirse también a nivel hipotalamico e hipofisario
(afectacion secundaria) (Cohan, 2005; Bernard, 2006). Ademas, hay que
sefalar que la hipotensién arterial severa es una complicacién frecuente en los
pacientes con TCE, principalmente cuando concurren otras lesiones y la
necesidad de emplear algunos tratamientos. Dicha hipotension arterial se
asocia de modo significativo a un peor resultado neuroldgico final debido al
aumento de la lesion cerebral secundaria (Brain Trauma Foundation, 2007, ver

Figura 7).
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Hypoxialischemia

Figura 7. Mecanismos implicados en la lesion cerebral secundaria (Maas,

2008).

Esta hipotensién puede estar mediada por la disfuncion del eje HHS, por lo que
tedricamente, estos pacientes podrian beneficiarse del tratamiento con LDST,
al igual que puede ocurrir en los pacientes sépticos. Es conocido que los
corticoides, a través de diversos mecanismos, incrementan la respuesta a la
angiotensina |l, adrenalina y noradrenalina, facilitando el mantenimiento de la
contractilidad cardiaca, el tono vascular y la presion arterial (Annane, 1998).
Algunos autores han sugerido que aquellos pacientes con TCE e inestabilidad
hemodinamica en los que se detectara una disfuncidn suprarrenal, podrian

beneficiarse del tratamiento con LDST, con intencion de reducir los episodios
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de hipotensién arterial y la isquemia secundaria en la fase aguda del TCE

(Hoen, 2002; Dimopoulou, 2004; Cohan, 2005; Bernard, 2006).

En cuanto a la interrelacién entre la funcion del eje HHS y el TCE, dos estudios
son resefiables. Uno de ellos, realizado por nuestro grupo (Llompart-Pou, 2007,
Anexo 1) mostré que los pacientes con TCE que precisaban coma barbiturico
para el control de la hipertension intracraneal presentaban mayor incidencia de
hipotensién arterial. En el grupo tratado con barbituricos, aquellos que
presentaron hipotensién arterial severa (la mayor limitacion de dicho
tratamiento) presentaban afectacion del eje HHS con mayor frecuencia, y ello
se asocid a unos requerimientos de soporte vasoactivo mucho mayores,
identificando un subgrupo de pacientes en los que el tratamiento sustitutivo
suprarrenal podria resultar especialmente beneficioso. Soélo un estudio, de
modo retrospectivo y con un numero muy reducido de pacientes ha analizado
el efecto del tratamiento sustitutivo con LDST en pacientes con TCE (Bernard,
2006), y mostré que los pacientes con buena respuesta hemodinamica a los
corticoides presentaron un mejor prondstico. Considerando esta limitada
experiencia y conociendo que el mayor estudio realizado con corticoides (con
otro GC y a dosis mucho mas elevadas) en 10008 pacientes con TCE,
demostré que los pacientes tratados presentaron una mayor mortalidad y un
peor resultado neurolégico funcional final (Edwards, 2005), la utilidad del
tratamiento con LDST para la insuficiencia suprarrenal postraumatica debe ser
evaluada en un ensayo clinico adecuado. Ademas, debe tenerse en

consideracion la amplia variabilidad en la incidencia de disfuncion del eje HHS
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en funcién de la definicion empleada (Bernard, 2006), que oscilaria desde un

13% al 100% (ver Figura 8).
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Figura 8. Incidencia de ISR segun la definicion empleada (Bernard, 2006).

Por ello, pensamos que previo a cualquier estudio evaluando el tratamiento
sustitutivo con corticoides en pacientes con TCE, debe caracterizarse
adecuadamente la respuesta del eje HHS en la fase aguda del TCE y su

potencial influencia en el resultado final de estos pacientes.
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2. Justificacion, hipotesis y objetivos de trabajo
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2.1. Justificacion

Aun considerando la extensa bibliografia aparecida en los ultimos 10 afos, el
estudio de la disfuncion HHS en el paciente critico continia siendo un area de
debate. Por todo ello creemos necesario profundizar en nuevos estudios, tanto
en el ambito clinico como en el experimental, con las nuevas técnicas
disponibles en la UCI.

Por ello este trabajo se inicié con el estudio de la funcion del eje HHS y el papel
del tratamiento con LDST en una poblacion de pacientes con shock séptico no
seleccionados, evaluando la correlacion hemodinamica con las cifras de
cortisol basal y tras estimulacion con ACTH sintética.

La segunda parte de esta tesis continua con el estudio del eje HHS en
pacientes con TCE, que como se ha dicho presentan caracteristicas
especiales, estableciendo la incidencia de disfuncion del eje HHS, los factores
de riesgo asociados y su relacidon con el pronéstico de estos pacientes.

Puesto que los estudios clinicos en los pacientes criticos han mostrado
resultados dispares, creemos que el estudio del eje HHS debe encaminarse
hacia aspectos mas novedosos, como la determinacion de la concentracion de
cortisol en el espacio intersticial. Asi, en la tercera parte de este trabajo se
presenta nuestra experiencia en la evaluacion de las cifras de cortisol en el
intersticio cerebral en pacientes con TCE, un aspecto nunca desarrollado

previamente.
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2.2. Hipotesis de trabajo

El estudio completo del eje HHS en el paciente critico y su relacién con la
respuesta ante el estrés y el papel del tratamiento sustitutivo con corticoides
puede jugar un papel relevante en estos pacientes, asi como la investigacion

de nuevos modos de estudio de la disponibilidad de cortisol tisular.
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2.3. Objetivos

1) Evaluar la respuesta hemodinamica al tratamiento con corticoides en
pacientes sépticos y su correlacion con las cifras de cortisol basal y tras
estimulacién glandular.

2) Determinar el patron de respuesta HHS en el paciente con TCE, los factores
de riesgo asociados y su relacién con el pronéstico y resultado final.

3) Investigar la disponibilidad de cortisol en el intersticio cerebral en pacientes

con TCE vy si ésta presenta un ritmo biolégico preservado.
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3. Pacientes y métodos
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Todos los pacientes estudiados se encontraban ingresados en la UCI del
Hospital Universitario Son Dureta. En todos los casos, los estudios fueron
aprobados por la comisién de investigacion del Hospital Universitari Son
Dureta, y en los estudios con microdidlisis cerebral por el Comité Etic de les
llles Balears.

El manejo de los mismos se realizé de acuerdo a las guias internacionales de
tratamiento, para los pacientes con las dos patologias fundamentales
estudiadas: Shock séptico (Dellinger, 2008) y TCE (Bullock, 1996).

El manejo de los pacientes sépticos se encamina a un rapido reconocimiento
del foco infeccioso y tratamiento antibidtico dirigido, aporte de volemia
adecuada y restauracion hemodinamica precoz con soporte vasoactivo si es
necesario, tratamiento con corticoides y proteina C activada si se encuentra
indicado y control de factores sistémicos (por ejemplo, la glucemia) con
potencial influencia sobre la homeostasis (Dellinger, 2008).

En los pacientes con TCE que cursan con hipertension intracraneal, el objetivo
fundamental es el control de la presion intracraneal por debajo de 20 mmHg,
con una presion de perfusion cerebral superior a 60 mmHg y evitando siempre
los insultos sistémicos que influyen de modo marcado en el prondstico de estos
pacientes. La hipertensién intracraneal se trata siguiendo un algoritmo
secuencial que incluye medidas generales (sedacion, optimizacién
hemodinamica y respiratoria), medidas de primer nivel (osmoterapia, drenaje
de liquido cefalorraquideo a través de drenaje ventricular) y medidas de
segundo nivel cuando la hipertension intracraneal se hace refractaria (coma
barbiturico, hipotermia moderada, craneotomia descompresiva o colocacion de

drenaje lumbar) (Bullock, 1996).
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La explicacion detallada de los procedimientos estadisticos realizados se

describe en el apartado de metodologia de los 6 articulos publicados.
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3.1. Estudios en pacientes sépticos

En el primer estudio (Journal Critical Care, 2007) se evaluaron de modo
retrospectivo 203 pacientes con shock séptico ingresados en la UCI de nuestro
hospital en los que se habia realizado un test de estimulacién glandular con
250 pg de ACTH sintética. Los pacientes fueron tratados de acuerdo a las
recomendaciones internacionales y la decision de realizar o no tratamiento
sustitutivo suprarrenal tras la estimulacion glandular se tomé por parte del
meédico intensivista responsable del paciente. Se compard la respuesta
hemodinamica en 124 pacientes que recibieron tratamiento con corticoides y 79
pacientes que no recibieron dicho tratamiento. Para ajustar ambos grupos por
factores de confusion, empleamos el analisis estadistico propensity score
(Joffe, 1999). El objetivo fundamental del estudio fue evaluar la influencia del
tratamiento con corticoides en la mortalidad y tiempo de shock de estos

pacientes.

En el segundo estudio en pacientes sépticos (Medicina Intensiva, 2008), se
estudiaron de modo retrospectivo 96 pacientes con shock séptico. Un total de
48 fueron tratados con terapia sustitutiva suprarrenal y el grupo control se
compuso por otros 48 pacientes que no recibieron dicho tratamiento,
apareados ambos grupos de acuerdo a intervalos de cortisol basal de 5 ug/dl y
dosis de Noradrenalina en diferencias inferiores al 20%. El objetivo
fundamental del estudio fue evaluar la variacion en la dosis de Noradrenalina a

las 24 horas de haber recibido o no LDST.
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3.2. Estudios en pacientes con TCE

En el primer estudio de pacientes con TCE (Journal Trauma, 2007) evaluamos
de modo prospectivo 50 pacientes con TCE aislado, que recibieron sedacion,
ventilacion mecanica y monitorizacién de la presion intracraneal ingresados
consecutivamente en la UCI de nuestro hospital. En las primeras 48 horas de
ingreso se realizé el HDCST, obteniendo muestras para ACTH y cortisol basal
y cortisol tras 30 y 60 minutos tras la estimulacion. El objetivo fundamental del
estudio fue correlacionar la respuesta del eje HHS con la mortalidad en los

pacientes con TCE.

En el segundo estudio con pacientes con TCE (Neurocritical Care, 2008)
estudiamos de modo prospectivo un total de 165 pacientes con TCE
ingresados en nuestra unidad. En todos los casos se realizd un test de
estimulacién suprarrenal empleando HDCST, obteniendo muestras para ACTH
y cortisol basal y cortisol tras 30 y 60 minutos tras la estimulacion, entre las
08:00h y las 10:00h. El objetivo principal del estudio fue identificar la incidencia
de disfuncion HHS en la fase aguda del TCE, de acuerdo a definiciones
previamente empleadas en pacientes traumaticas. Como objetivos secundarios
evaluar la influencia del traumatismo extracraneal, sedantes y determinar los

factores de riesgo asociados a la disfuncion HHS.
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3.3. Estudios con microdialisis cerebral

La microdialisis cerebral es una técnica semi-invasiva en la que se implanta un
catéter provisto de una membrana semipermeable, que permite obtener
diferentes solutos desde el intersticio cerebral (De los Rios, 2009, ver Figura 9).
Se emplea habitualmente para la evaluacién del metabolismo cerebral
(glucosa, lactato, piruvato, etc), pero también puede emplearse para medir
otras sustancias, como las concentraciones de farmacos antibiéticos (Caricato,
2006) o antiepilépticos (Tisdall, 2006; Rambeck, 2006). Recientemente ha sido
empleada para determinar la disponibilidad de cortisol en el tejido lesionado en
pacientes quemados, comparando tejido sano y tejido afectado por las

quemaduras (Cohen, 2009).

Figura 9: Catéter de microdialisis que muestra en su punta la membrana

semipermeable donde se realiza el intercambio de solutos (De Los Rios, 2009).
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En nuestro primer estudio preliminar (Journal Endocrinological
Investigation, 2010) incluyendo 6 pacientes, se inyectd la sustancia de
infusion a un ritmo de 0.3 pL/minuto. Los viales se recambiaron cada 8 horas. A
la vez se obtuvieron muestras de suero que se congelaron hasta el analisis. El
objetivo fundamental del estudio fue correlacionar los niveles de cortisol sérico
total con los valores de cortisol en el microdializado, es decir, en el intersticio

cerebral.

En el segundo estudio, incluyendo un total de 10 pacientes (Neurocritical
Care, 2010) se evaluo la existencia o no de variabilidad de las cifras de cortisol
sérico y cortisol tisular cerebral siguiendo un ritmo circadiano, siguiendo la

misma metodologia descrita en el estudio anterior.
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4. Resultados
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Abstract

Purpose: Several studies showed that low-dose steroid therapy (LDST) in patients with septic shock
leads to a significantly shorter duration of shock and a decreased montality. However, these results have
been criticized. Our purpose was to evaluate the effects of LDST on time to shock reversal and mortality
in septic shock.

Materials and Methods: We retrospectively studied 203 patients with septic shock admitted to the
intensive care unit of our tertiary hospital. A short corticotropin test was performed in all patients within
72 hours of septic shock onset. We performed a propensity score analysis through a logistic regression
model with baseline relevant characteristics, and evaluated the influence of LDST on time to shock
reversal and inhospital mortality.

Results: One hundred twenty-four patients were treated with LDST (steroid group) and 79 without
LDST (control group). Patients treated with steroids presented higher Simplified Acute Physiology
Score 11 and maximum Sepsis-Related Organ Failure Assessment scores. Both groups presented
similar baseline and stimulated cortisol values. The hazard ratio of remaining on shock adjusted by
severity of illness, inadequate antibiotic, and propensity score was 1.15 (95% confidence interval
0.71-1.86) for patients treated with steroids. Inhospital mortality was 62% in the steroid group and
52% in the control group (P = .84). Logistic regression analysis with propensity score neither
showed differences between steroid and control group in the inhospital mortality. Predictors of
inhospital mortality were age, maximum Sepsis-Related Organ Failure Assessment score, and
inadequate antibiotics.

Conclusion: In our study, treatment with low-dose steroid therapy was not associated to a reduction
in time to shock reversal or mortality.

@ 2007 Elsevier Inc. All rights reserved.

1. Introduction

Despite recent advances in the therapy of septic shoek [1],
mortality is still too high [2]. One of the treatments in which
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Cortisol has been suggested to contribute to maintain
cardiac contractility, vascular tone, and blood pressure by
different mechanisms [3-6]. Annane et al [7] showed that
septic shock patients with a blunted adrenal response
(defined by an increase less than 9 ug/dL after stimulation
of adrenal gland with high-dose corticotropin hormone) had
a reduced time to shock reversal and a lower mortality if they
were treated with hydrocortisone and fludrocortisone.
Another small prospective studies also showed a hemody-
namic benefit from LDST in septic shock [6,8,9]. Based on
these studies, guidelines consider LDST use in septic shock
patients with a grade C level of evidence [1]. However,
controversy exists on several points. The most important is
that there exists no consensus regarding the definition of
adrenal insufficiency in critically ill patients, and incidence
clearly varies depending on the definition used [3,11]. Due to
these controversies, several authors support that septic shock
patients who present with hemodynamic instability after
adequate fluid resuscitation should be treated with steroids
irrespective of the biochemical parameters [11-16].

The aim of this study was to evaluate if LDST reduces the
time to shock reversal and its influence on inhospital
mortality in septic shock patients.

2. Materials and methods
2.1. Patients

We retrospectively selected patients from a database
including 203 patients with septic shock who had their
adrenal function tested with the high-dose corticotropin
stimulation test (HDCST) and were admitted to the intensive
care unit (ICU) of our tertiary University Hospital (Hospital
Universitario Son Dureta) from April 2001 to November
2005. During the study period, 289 patients met the inclusion
criteria (70% included). We did not include patients who had
previously received drugs known to interfere with cortisol
secretion (steroids, etomidate, ketoconazole). Hospital
Research Committees approved the study and waived the
need of informed consent because it was an observational and
retrospective study.

Patients enrolled met these criteria: the presence of septic
shock including proven or strongly suspected infection and
requirement of norepinephrine to maintain a mean arterial
pressure of more than 65 mm Hg despite adequate fluid
resuscitation.

2.2. Patient management

The hemodynamic management of patients with septic
shock in our ICU follows a standard protocol that includes
the optimization of volemia with isotonic saline to achieve
central venous pressure of 8 to 12 mm Hg [1], the titration of
norepinephrine to maintain a mean arterial pressure more
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than 65 mm Hg. Norepinephrine therapy was tapered with
ongoing hemodynamic stabilization, keeping the mean
arterial pressure above 65 mm Hg, until cessation of
vasopressor support was possible. If low cardiac output
was detected by means of echocardiography or thermodilu-
tion monitoring, dobutamine was added. A urinary output
higher than 0.5 mL/kg per hour is a goal of hemodynamic
resuscitation. Steroids were prescribed according to the
decision of the primary physician. Patients treated with
steroids received the first dose immediately after cortico-
tropin test. Hydrocortisone was administered intravenously
every 6 hours as a 50-mg bolus. One tablet containing
0.05 mg of fludrocortisone was administered daily through a
nasogastric tube with 20 ml of water when enteral feeding
was possible. Steroid treatment duration was 7 days.

2.3. Adrenal function studies

Blood samples to measure baseline and stimulated cortisol
samples at 30 and 60 minutes after injecting 250 pg adreno-
corticotropin hormone (ACTH) (Synacthene, Novartis,
Switzerland) [7] were obtained in all patients within
72 hours of septic shock onset. Whole blood was collected
into crystal tubes without anticoagulant to measure cortisol.
Samples were immediately centrifuged and stored at —20°C
until measurement. Serum cortisol was measured using an
immunochemiluminescent assay-—cortisol (Advia, Centaour,
Bayer, NY). Reference values for nonstressed individuals in
our reference laboratory were 4.3 to 24.4 ug/dL.

2.4. Definitions

Septic shock was diagnosed as in previous studies
[8,15,16], including (a) a proven or highly suspected
infection; (b) 3 or more of the following conditions:
mechanical ventilation, heart rate higher that 90 beats per
minute, temperature of more than 38°C or less than 36°C,
white blood cell count higher than 12 000 cells/uL or less than
4000 cells/uL; (c) sepsis-induced hypotension, defined as
systolic blood pressure less than 90 mm Hg or a reduction
higher than 40 mm Hg from baseline in the absence of other
causes of hypotension. Shock reversal was considered when
norepinephrine was discontinued for at least 24 hours [6,8].
Time to shock reversal was calculated from the initiation of
norepinephrine therapy until cessation. Severity of illness
was evaluated by the Simplified Acute Physiology Score 1T
(SAPS II) [17] and the maximum Sepsis-Related Organ
Failure Assessment (SOFA) scores [18]. Relative adrenal
insufficiency (RAIT) was defined by a response after
corticotropin test of 9 ug/dL or less [7].

2.5. Statistical analysis

For continuous variables, the mean and SD are reported,
whereas for categorical variables, the number of patients in
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each category and the corresponding percentages are given.
Differences were compared between groups using the
independent Student ¢ test or Mann-Whitney U test (for
continuous variables) or 2 or Fisher exact test (for
categorical variables) when appropriate.

Because of steroid use was not randomly assigned in this
patient population, potential confounding and selection
biases were accounted for by developing a propensity score
for steroid use [ 19]. Propensity score was calculated through a
logistic regression model created with all independent
baseline demographic and clinical characteristics of patients,
which reached a predetermined level of statistical signifi-
cance (P<.15), and treatment with steroids, as the dependent
variable. Propensity scores ranged from 0.032 to 0.996 and
reflected each patient’s conditional probability of being
treated given baseline characteristics. The area under the
receiver operating characteristic curve was 0.81, indicating a
good discriminatory power of the final model.

The effect of steroid treatment on time to vasopressor
therapy withdrawal was estimated, first, from Kaplan-Meier
curves and log-rank test for median time, and second, from
adjusted Cox proportional hazards regression models using
propensity score and other covariates. Corresponding hazard
ratios (HRs) along with their 95% confidence intervals (CIs)
were reported. Patients who died before vasopressor therapy
could be withdrawn and were treated as censored. The effect
of steroid treatment on inhospital mortality probability was
estimated from logistic regression analysis including pro-
pensity score as continuous variable. Corresponding adjusted
odds ratios (ORs) along with their 95% CIs were reported. A
P value less than .05 was considered significant. Data were

Table 1  Clinical characteristics of patients with septic shock
treated with hyvdrocortisone (steroid group) and without
hydrocortisone (control group)

Steroid group  Control group P

(n = 124) (n=179)

Female sex (no. [%a]) 37 (29.8) 26(32.9) .64
Age (v) 61 £ 15 62+ 14 .61
Body weight (kg) 76 £ 16 76+ 20 42
SAPSII 49 £ 15 44 £ 16 .02
Comorbidities

Diabetes mellitus 20 (16.1) 18 (22.8) 24

Chronic pulmonary 32 (25.8) 25(31.6) 37

disease

Cardiac disease 23 (18.5) 15 (19.0) 94

Chronic liver disease 18 (14.5) 10 (12.7) 84

Chronic renal disease 6 (4.8) 9(11.4) 08

Malignancy 18 (14.5) 12(9.7) .90

Steroids therapy <ly 16 (12.9) 5(6.3) 16
Infection site (no [%]) 24

Respiratory 65 (52.4) 39 (49.4)

Abdominal 39 (31.4) 23 (29.1)

Urinary 6 (4.8) 10(12.7)

Other 14 (11.3) 7(8.9)
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Table 2  Basal cortisol and cortisol response to the high-dose
corticotropin stimulation test of patients with septic shock
treated with hydrocortisone (steroid group) and without
hydrocortisone (control group)

Steroid group Control group P

(n=124) (n=179)
Basal cortisol (ug/dL) 221+£133 202 £ 105 A3
30-min post-HDCST 274+ 13.7 28.1 £14.1 .67
cortisol (ug/dL)
60-min post-HDCST 293+ 139 302+ 145 .50
cortisol (ug/dL)

Post-HDCST cortisol A~ 83 (66.9)
=9 ug/dL (n [%]

45 (57.0) 15

analyzed using SPSS statistical package version 11.0 (SPSS
Inc, Chicago, Il1).

3. Results

From the 203 patients studied, 124 were treated with
steroids (steroid group) and 79 were not (control group).
Fifty-two patients of steroid group were also treated with
fludrocortisone. Septic shock patients treated with or without
steroids showed similar baseline clinical characteristics,
except for severity of illness evaluated by SAPS II score that
was higher in the steroid group than in the control group
(Table 1). The main infection site responsible for septic
shock was the respiratory tract (51.2 %) (Table 1). ACTH
testing was performed within 24 hours of initiation of
norepinephrine (NE) in 74% of patients in the steroid group
and 67% in the control group (P = .34).

Steroid and control groups presented similar baseline and
stimulated cortisol values after HDCST, and the incidence of
RAT showed no significant differences (Table 2). Albumin
levels at the time of ACTH stimulation were similar between
the steroid and control group (20.6 £ 5.4 vs 21.2 £ 5.3 g/dL,
P = A48). The level of norepinephrine when ACTH testing
was performed was higher in steroid group than control
group (1.04 £ 0.8 vs 0.75 £ 0.7 pg/kg per minute, P <.001),
and maximum SOFA was higher in the steroid group than in
control group (13.6 + 3.1 vs 123 £ 32, P = .003).
Inadequate empirical antibiotic therapy was detected in
15 patients (12.1%) of the steroid group and 6 patients
(7.6%) of the control group (P = .35).

Median time to vasopressor therapy withdrawal was
11 days in the steroid group and 7 days in the control group
(P = .16). Cox regression models showed no differences
between steroid and control group in time to shock reversal.
The HR of remaining on shock in an unadjusted model was
0.77 for patients treated with steroids, and adjusted for the
severity of illness evaluated with maximum SOFA, the HR
was near [, without changes including the propensity score
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Table 3 Cox proportional hazards analysis of time to shock
among patients using steroids

Table 4  Multivariate logistic regression analysis of covariates
for mortality adjusted propensity score

HR (95% CI) P OR (95% CI) P
Unadjusted 0.77 (0.54-1.11) 16 Age (y) 1.05 (1.02-1.08) <.001
Adjusted for maximum SOFA 0.98 (0.67-1.44) 93 Maximum SOFA 129 (1.15-1.45) <.001
Adjusted for maximum SOFA 1.04 (0.71-1.53) 82 Inadequate antibiotic 10.8 (2.26-52.0) 003
and inadequate antibiotic Steroid therapy 0.80(0.37-1.74) 7
Adjusted for maximum SOFA, 1.15 (0.71-1.86) .56 Propensity score 433 (0.97-19.3) 06

inadequate antibiotic and
propensity score

model (Table 3 and Fig. |). Other covariates as age, SAPS
I1, baseline, stimulated and delta cortisol values response,
and associated use of fludrocortisone were not correlated
with shock reversal.

The mortality during shock was similar in both groups:
45.2% (95% CI, 36.4-53.9) in the steroid group vs 34.2%
(95% CI, 23.7-44.6) in the control group. Adjusted by age
and maximum SOFA score, the OR for steroids was 1.3
(95% CI, 0.7-2.5).

No differences were found in the inhospital mortality of
both groups: 62.1% ( 77 patients; 95% CI, 53.6-70.6) in steroid
group vs 51.9 % (41 patients; 95% CI, 40.9-62.9) in control
group (P = .84). Logistic regression analysis with propensity
score did not show differences between steroid and control
group in the inhospital mortality. Predictors of inhospital
mortality were age, maximum SOFA score, and inadequate
antibiotics (Table 4). Previous steroid treatment on the last
year, baseline, stimulated and delta cortisol levels, and use of
fludrocortisone were not related with inhospital mortality.

4., Discussion

The main findings of this study were that treatment with
LDST did not modify the duration of shock and the mortality
of septic shock patients.

1.0 4
0.8 —
0.6 —

0.4 4

0.2

Probability of remaining on shock

%0 T T T T 1

Time (days)

Fig. 1 Survival curves reflecting the probability of remaining on
shock. Dashed line represents steroid group; solid line represents
control group.
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Effects of corticosteroids on circulatory response in
critically ill patients are known although not fully understood.
By elevating cortisol levels, the body attempts to adapt to
stress associated with critical illness [15]. Cortisol apparently
contributes to maintain cardiac contractility, vascular tone
and blood pressure by mediating and enhancing the
action of angiotensin II, epinephrine, and norepinephrine
[2-6,8,12,20]. The study by Annane et al [7] showed a
reduced time to shock reversal and a lower mortality in septic
shock patients with relative adrenal insufficiency when they
were treated with LDST. However, this study has been
criticized: because the biochemical diagnosis of RAT is not
clear [3-5,12,14,15], most patients previously received
etomidate, a well-known agent which interferes in steroido-
genesis [21], and moreover, patients with preserved adrenal
response in the study who were treated with LDST showed a
trend to an increased mortality and no differences in time to
shock reversal [7]. Different trials [6,7,22,23] and meta-
analyses [24,25] showed that LDST in septic shock patients
was associated to a beneficial effect in shock reversal. The
surviving sepsis campaign guidelines [1], following pre-
viously cited studies, support LDST use in vasopressor-
dependent septic shock patients. However, its widespread
use in this setting has been recently criticized [5,12-14].

In our study, patients treated with steroids presented higher
vasopressor requirements, and time to shock reversal was
longer than in control group. However, when both groups
were adjusted by maximum SOFA score, this difference was
reduced to 2%. When we adjusted by the propensity score,
these results were not significantly modified. In summary, our
results showed that time to shock reversal depended on the
severity of illness, and this probably constitutes a key factorin
our results. The (nonsignificant) higher mortality found in the
steroid group (62% vs 52%, P = .84) concurs with these
findings. In addition, we observed that the variables related to
mortality were age, maximum SOFA score, and inadequate
empirical antibiotic treatment, which are well-known factors
related with outcome in septic shock patients [17,26,27]. Our
results are in dissonance with previous studies on LDST use
in septic shock patients, as we did not find differences in time
to shock reversal when steroids were used or not. A possible
explanation of our results is based on the retrospective design
of the study and the fact that it was difficult to compare the
times patients received LDST or would have received LDST
{(in the control group). However, a similar percentage of
patients in both groups were tested for cortisol response
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within 24 hours of treatment with NE. In addition, the patients
included in the studies by Briegel et al [6] and Bollaert et al
[22] had a lower severity of illness, as reflected by a lower
mortality than in our study, and in our population, we found
that the severity ofillness was strongly correlated with time to
achieve shock reversal. In the study by Annane et al [7], time
to shock reversal was shorter in patients treated with steroids.
These results are influenced by the high incidence of
nonresponder patients (76%) found in the study: as in the
group of patients with a preserved adrenal response, no
differences in time to shock reversal were found. Regarding
28-day, ICU, or inhospital mortality, differences on mortality
were found to be statistically significant only when the group
of nonresponders to the corticotropin test was considered.

The HDCST has been used in many centres to determine
which patients present adrenal impairment. However, this
test has been criticized because it represents a supraphysio-
logical stimulation of the adrenal gland [15], its results are
poorly reproducible [28], and in addition, a significant
variability in the interpretation of the results depending on
the immunoassays used has been recently suggested [29].
Because of it, several authors support the use of the low-dose
(1 pg) stimulation test [30], which also has been criticized
[31]. Baseline cortisol have been also correlated with adrenal
status, and minimal values suggested to maintain a “normal”
adrenal function in the critically ill patients range from 10 to
34 pg/dL [3,5,10,32]. In our study, baseline, stimulated or
delta cortisol values were not correlated with time to shock
reversal or inhospital mortality.

We would like to discuss several limitations of our
study: the most important is that this is not a randomized
controlled trial, which is the optimal design to demonstrate
cause and effect. However, epidemiological studies using
an adjusted propensity score analysis can provide valuable
information [19]. The second limitation is the retrospective
nature of the analysis and the number of patients included.
Finally, we did not measure corticosteroid-binding globulin,
and although the albumin levels were similar in both
groups of patients, the free cortisol index was not caleulated
[33]. However, its use in daily clinical practice remains
limited in our environment because it is laborious and
expensive [15].

In conclusion, our results raise concerns about the use of
LDST in septic shock patients, as the main results were that
septic shock patients treated with LDST showed similar time
to shock reversal and mortality than patients not treated with
steroids. Prospective randomized controlled studies should
determine if septic shock patients would benefit from low
dose steroid therapy.
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Commentary

Corticosteroids for sepsis: Controversial
forever?

Endogenous release of cortisol is a paramount step in host
response to infections. Almost a century ago, people
recognized necrosis or hemorrhage as being a lethal
complication of sepsis [1]. Several decades later, it was
demonstrated that an intact adrenal cortex, that is, normal
production of cortisol, is essential to survive sepsis [2]. How
cortisol modulates inflammation and its effects on the
cardiovascular system are now well established. Basically,
mechanisms of action of cortisol involve genomic interactions
mainly counterbalancing the nuclear factor kB pathway and
nongenomic effects. The latter effects are yet not fully
understood and likely include overexpression of endothelial
nitric oxide synthase and intracellular mobilization of calcium
[3]. Tt is thought that corticosteroid-enhanced endothelial
nitric oxide synthesis increases tissue perfusion and limits
tissue damage during ischemia [4]. Corticosteroid effects on
smooth muscle’s intracellular calcium likely affect systemic
vascular resistance. Indeed, hypotension and unresponsive-
ness to c-agonists is the hallmark of Addison crisis, and
hypertension is common in Cushing syndrome. In septic
animals, endogenous cortisol was shown to account for the
cardiovascular tolerance to endotoxin [5]. In endotoxin-
challenged healthy volunteers [6] as well as in patients with
septic shock [7], a low dose of corticosteroids (50-100 mg of
hydrocortisone) was shown to rapidly (within 1 hour) restore
vascular responsiveness to norepinephrine, an effect that was
not mediated by inducible nitric oxide synthase or cycloox-
ygenase IT activities. Subsequently, 7 randomized controlled
trials, accounting for 995 cases of septic shock, demonstrated
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that 100 to 300 mg of hydrocortisone, IV, hastened shock
reversal, and the relative risk (RR) of being weaned from
vasopressors at | week was 1.40 (95% confidence interval,
1.26-1.56) in favor of corticosteroids [8]. Yet, in this issue of
the journal, Raurich and colleagues[9] did not find any benefit
of low-dose hydrocortisone in their patients. However, this
was a retrospective study, and therefore, it is impossible to
determine the reason why corticosteroids failed to improve
patients’ cardiovascular status. Obviously, this study cannot
cast any doubt on the conclusions from both knowledge on the
mechanisms of action of corticosteroids and the results of
high-guality randomized, double-blind, placebo-controlled
trials. It is noteworthy that the efficacy and safety of
corticosteroids in sepsis have been investigated in randomized
controlled trials for half a century, and still, this treatment
remains controversial. When one looks carefully at all
randomized controlled trials (accounting for 2700 patients),
one can draw the following conclusions: (1) a short course of
high-dose corticosteroids has no effect on survival (RR, 0.99;
95% CI, 0.83-1.17); and (2) a long course (5 days or more at
fulldose) of low daily doses (300 mg or less of hydrocortisone
or equivalent) improves survival (RR, 0.87; 95% CI, 0.76-
0.99). The results were very consistent across studies of low-
dose corticosteroids (test for heterogeneity: P = 43 and I* =
0.7%). The sickest patients, such as those poorly responsive
to fluids and vasopressors, are more likely to benefit from
hydrocortisone, and the hemodynamic response in these
patients is more likely to influence mortality than it is in
patients rapidly stabilized with fluids or vasopressors. It is
this author’s opinion that all patients with septic shock who
failed to improve (ie, could not be weaned from vasopressors)
after 6 hours of appropriate hemodynamic resuscitation [10]
should be treated with low-dose corticosteroids.
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Respuesta hemodinamica precoz a los corticoides
en el shock séptico
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Objetivo. El tratamiento con corticoides a dosis
bajas (LDST) en los pacientes con shock séptico
tratados con soporte vasoactivo se ha asociado a
una disminucién del tiempo de shock. Los pa-
clentes con cortisol basal disminuido o con res-
puesta anormal a la estimulacién suprarrenal de-
berian tener un mayor beneficio conlos LDST, por
lo cquie hemos estudiado la respuesta hemodina-
mica precoz en pacientes con shock séptico tra-
tados o no con LDST.

Disefio. Estudio retrospectivo.

Ambite. Unidad de cuidados intensivos (UCI) en
un hospital universitario de tercer nivel.

Pacientes. Estudiamos a 96 pacientes ingresa-
dos en la UCI, distribuidos en dos grupos de 48
pacientes segun hubieran recibido corticoides
{grupo A) o no (grupo B), apareados segin los va-
lores de cortisol basal y los requerimientos de no-
radrenalina.

Intervenciones. A todos los pacientes, se reali-
z6 un test de estimulacion supramrenal con 250 pg
de corticotrofina en las primeras 72 h del inicio del
shock.

Variables principales de interés. Cortisol basal,
incremento de cortisol, cortisol maximo, reduc-
cién de la dosis de noradrenalina, duracion del
shock.

Resultados. Amhos grupos fueron compara-
bles. Las cifras de cortisol basal antes del test de
estimulacion suprarrenal y el cortisol maximo fue-
ron similares en ambos grupos. No hubo diferen-
cias significativas entre ambos grupos en la dosis

Cornespondencia: De, J AL ompant-Pou.
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de noradrenalina antes y a las 24 h tras la estimu-
lacién suprarrenal. La reduccion en la dosis de
noradrenalina a las 24 h no se correlacioné con
las cifras de cortisol basalni con la respuesta ala
estimulacién suprarrenal.

Conclusiones. El tratamiento con LDST no se
asocié a una mejoria hemodindmica a las 24 h, in-
dependientemente de las cifras de cortisol basal
y de la respuesta a la estimulacién suprarrenal.

PALABRAS CLAVE: Cortisol. Shock sdprico . Respuesta hamo-
dindmica. Insficiencia suprarrenal. Corticoides.

IMMEDIATE HEMODYNAMIC RESPONSE
TO STERCID TREATMENT IN SEPTIC SHOCK

Objective. Treatment with low dose steroids
(LDST) in patients with septic shock treated with
vasoactive agents has been related to earlier
shock reversal. Patients with low baseline cortisol
and a blunted response to the corticotropin test
are more likely to benefit from LDST, so we com-
pared the immediate hemodynamic response in
patients with septic shock who received LDST
with that of those who did not receive LDST.

Design. Retrospective study.

Scope. Intensive Care Unit (ICU) of a tertiary
university hospital.

Patients. We studied 96 patients admitted to
the ICU. Patients were classified in two groups of
48 patients: group A received LDST and group B
did not; patients were matched according to
baseline cortisol levels and norepinephrine re-
cuirements.

Interventions. All patients underwent a short
corticotropin test (250 pg ACTH) within 72 h of
septic shock onset.
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Main variables of interest. Baseline cortisol,
delta cortisol, peak cortisol, norepinephrine re-
duction after LDST, and duration of shock.

Results. The two groups were comparable:
baseline and stimulated cortisol levels before cor-
ticotropin test were similar, and there were no dif-
ferences in the norepinephrine dose before and
24 h after testing adrenal response (p = 0.96 and p
= 0.53, respectively). Norepinephrine reduction at
24 h after testing was not correlated with baseline
cortisol or with adrenal response to the corti-
coftropin test.

Conclusions. LDST was not associated to im-
proved 24-hour hemodynamic response, irre-
spective of the baseline and stimulated cortisol
levels.

KEY WORDS: Cortisol. Sepric shock. Hemodwamic responge.
Adrenal ingufficiency. Sreroids.

INTRODUCCION

Las guias de la Surviving Sepsis Campaign reco
miendan el uso de hidrocortisona a dosis de 200-300
mg/dia (low dose steroid therapy [LDST]) en los pa
cientes con shock séptico que necesitan tratamiento
con firmacos vasoactivos'.

Diversos estudios indican que el cortisol, a través
de diversos mecanismos, es determinante para man
tener la contractilidad cardiaca, el tono vascular y la
presidn arterial>*. Estudios recientes indican gque los
enfermos con shock séptico dependientes de soporte
vasoactivo deben ser tratados con LDST para conse
guir uma mejoria hemodindmica vy una reduccidn del
tiempo de shock™*. Sin embargo, no estd bien deter-
minado qué cifras de cortisol deben considerarse 6p
timas en el shock séptico (se han propuesto valores
basales entre 10 y 34 pg/dl) v, ademis, no se ha pre
cisado con exactitud si el tratamiento con LDST de
be realizarse segiin los valores basales de cortisol o
dependiendo del resultado tras una prueba de estimu
lacién dindmica suprarrenal®'.

Diversos autores recomiendan iniciar el tratamien
to con LDST en los pacientes con inestabilidad he
maodindmica, independientemente de las cifras de
cortisol™*. Una adecuada respuesta hemodindmica
precoz seria el mejor indicador de disfuncidn supra
rrenal™*, Recientemente hemos revisado el impacto
de los LDST en los pacientes con shock séptico in
gresados en nuestra unidad de culdados intensivos
(UCT) en una muestra de 203 pacientes, y no hemos
hallado relacidn con la mortalidad ni con el tiempo de
shock™. Por todo ello, consideramos que no se ha es
tablecido con claridad qué grupos de pacientes podri
an beneficiarse del ratamiento con LDST.

Los pacientes con cifras bajas de cortisol basal y
los que no responden a la estimulacidn suprarrenal
con corticotrofina cuando se los trata con LDST de
berfan presentar una mejor respuesta hemodindmica
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que Los no tratados con LDST. Por lo tanto, hemos es
tudiado la respuesta hemodindmica a las 24 hen pa
cientes con shock séptico, tratados o no con LDST.

PACIENTES Y METODOS

Se selecciond a 162 pacientes de una base de datos
de pacientes con shock séptico recogida de modo re
trospectivo. Entre ellos, 103 fueron tratados con
LDST y 59 no recibieron corticoides. La decision de
tratar o no con LDST correspondid al médico intensi
vista responsable de cada paciente. Se excluyd del
andlisis o los pacientes que previamente habian reci
bido medicacion que pudiera interferir en el metabo
lismo del cortisol (corticoides previos, etomidato, ke
toconazol) v a las pacientes embarazadas. Se apared
a los restantes para que recibieran LDST o no, de
acuerdo con intervalos de cortisol basal de 5 pg/dl y
a las dosis de noradrenalina (N A) en diferencias infe
riores al 20%, con lo gue resultd un total de 96 pa
cientes. De este modo, se analizd retrospectivamente
a 96 pacientes con shock séptico ingresados en la
UCT de nuestro hospital entre abril de 2003 y no
viembre de 2005. El comité de mvestigacion de nues
tro centro aprobd el estudio y considerd innecesario
obtener el consentimiento informado, al tratarse de
un estudio observacional y retrospectivo.

Todos los pacientes recibieron NA para mantener
se estables hemodindmicamente. La funcidn supra
rrenal se evalud utilizando el test de estimulacidn su
prarrenal con 250 wg de corticotrofina. Se tratd con
LDST (30 mg de hidrocortisona intravenosa cada 6 h
y 0,05 mg de fludrocortisona cada 24 h por via oral
cuando la via digestiva funcionaba correctamente) a
48 pacientes (grupo A), al igual que en el estudio de
Annane et al’. Como grupo control (grupo B), selec
clonamos a 48 pacientes con shock séptico a los que
se realizd un test de estimulacion suprarrenal pero no
recibieron tratamiento con LDST.

El tratamiento hemodindmico de estos pacientes
siguid un protocolo preestablecido, previamente de
tallado™, que incluye la optimizacién de la volemia,
el empleo de NA para conseguir una presion arterial
media (PAM) > 65 mmHg v soporte inotrépico con
dobutamina si se detectaba disfuncién cardiaca aso
clada. Uno de los objetivos era conseguir una diure
sis> 05 mlkgh.

Se documentd la dosis de NA necesaria antes v a
las 24 h de la realizacidn del test de estimulacion su
prarrenal, asi como el tiempo total de tratamiento con
NA. La gravedad de los pacientes se evalué con los
siguientes indices de gravedad: Simplified Acute
Physiology Score 1T (SAPS-II)'*, Acute Physiology
and Chronic Health Evaluation 1T ( APACHE IT)*® y el
Sepsis-related Organ Failure Assesment (SOFA)™ a
las 24 h de ingreso v el valor miximo durante la pri
mera semana del shock séptico. También se recogie
ron datos respecto al ndmero de pacientes tratados
con ventilacion mecdnica, terapias de reemplazo re
nal y empleo de drotrecogina alfa. Ademas, se docu
mentd el nimero de pacientes que recibieron trata
miento antibidtico inadecuado y el balance hidrico de
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las primeras 24 h, sin contabilizar las pérdidas insen
sihles.

De todos los pacientes se obtuvieron muestras de
sangre periférica a través de un catéter arterial para
determinar el cortisol basal v a los 30 y los 60 min
tras la estimulacion de la glindula suprarrenal con
250 wg de corticotrofina (Synacthen) durante las pri
meras 72 h de la instauracion del shock séptico.

Las muestras se recogieron en tubos sin anticoagu
lante para determinar cortisol, se centrifugaron inme
diatamente y se almacenaron a 207 C hasta su andli
sis. El cortisol sérico se analizd mediante un andlisis
de inmunoguimioluminiscencia directa en analizador
Advia, Centaour (Siemens, M.S. Diagnostics). Los
valores de referencia en sujetos sanos en nuestro la
boratorio son 4,3-24 4 pg/dl. El limite de deteccion
esde 0.2 pg/dl, la recuperacion a distintos niveles se
sitia entre el 86,2 v el 114%, con una media del
101%. La imprecision intraanalitica oscila entre el
2,89 y el 362%, y entre andlisis, entre el 1,86 y el
5,45% en relacidn con el nivel analizado.

Se diagnosticd shock séptico de acuerdo con los
criterios de la International Consensus Conference
Definition®. La insuficiencia suprarrenal relativa
(ISR) se diagnosticd en los pacientes con un incre
mento < 9 pg/dl de sus concentraciones de cortisol
respecto a las basales tras la estimulacidn con corti
cotrofing’. Se considerd cese del shock cuando se
suspendieron los firmacos vasoactivos™®. La respues
ta hemodindmica precoz se evalud a las 24 hde laes
timulacitn glandular suprarrenal .

El desenlace principal del estudio es la variacion
en la dosis de noradrenaling a las 24 h de iniciarse o
no el tratamiento con corticoides. Como variables se
cundarias, se evalud la mortalidad hospitalaria y el
tiempo de shock.

Analisis estadistico

Los datos se presentan como media v desviacion
estandar. Las diferencias entre los grupos se analiza
ron utilizando la prueba de la * o la exacta de Fisher
para las variahles categdricas v la de la t de Student o
la 17 de Mann-Whitney para las variables continuas.
Evaluamos la duracién del shock séptico utilizando el
método de Kaplan-Meier v comparamos los grupos
con el log-rank test. Un valor de p < 0,05 fue indica
tivo de significacion estadistica. Los datos se analiza
ron utilizando SPSS statistical package version 13.0
(SPSS Inc., Chicago).

RESULTADOS

Los pacientes de ambos grupos presentaban en el
momento de ser incluidos iguales caracteristicas clf
nicas y demograficas, gravedad del shock séptico, co
morbilidades, incidencia de pacientes posquinirgicos
y foco infeccioso (tabla 1).

El tiempo transcurrido entre el diagndstico de
shock séptico v la realizacion del test de estimulacion
suprarrenal fue de 1.5 + 2.6 dias en el grupo tratado

TABLA 1. Caracteristicas de los pacientes
con shock séptico incluidos en el estudio

Grapo A (B =dE) | Gropo B (s =43} P
Varones‘mujens 33/15 H1E (.52
Edad {afos) G2z 15 al = 14 0,66
Pesa (kg) 75=15 Ta=19 0.72
SAPS 1T dhx 13 43 =15 0,24
APACHEII 21 x5 A=k 0,76
SOFA {primeras 24 h) 11126 Wrix3i3 052
Comorbilidad
Diahetes mellits T (146 1228y 03
EPOC 12(25) W{WE 042
Afeccidn cardiaca 10020 8) (1670 086
Hepatopatia crdnica 4{8.3) 6{125) 0.5
Insuficiencia renal crimica 3 {6,2) 4{83) 1
Neoplasias E(16T) 6(125) 056
Uso de corticoides < 1 afio 6(12.5) S(104) 075
Foco infecciosn 41
Respiratorio 27(562) 25(521)
Abdominal 15{31.2) 14{292)
Urinario (4.2 a(125)
Citro 48,3 {6.2)
Cuinirgicos 1521 3) 12(25) 0.5

APACHE Acuse Paysiology and Chremic Heakl Evalisios; EPOC: enfemedad pal-
momar cbamac i rdmica; SAPS: Simplified Acuse Phys iokogy Scom; S0P Sepsis.ne-
Imed Oegarm Fafhre Asscssment.

A paciemaes mmmacos con eortioaides ; grape B grepo cossrol,
Lo resekadon expresan media = desviacde estinde o 5 (%)

con LDST v 1.3 & 2.1 dias en el grupo control (p=
0.61). Ambos grupos presentaron similares valores
de cortisol basal, valor médximo de cortisol tras admi
nistrar 230 pg de corticotrofina e incidencia de ISR
(tabla 2). Las cifras de albimina sérica el dia en que
se realizd la estimulacidn suprarrenal fueron simila
res en ambos grupos (grupo A, 209 + 4.7 g/dl: grupo
B,215x£52g/dl;p=052).

Las dosis de WA antes v a las 24 h de la estimula
clon suprarrenal fueron similares en ambos grupos,
asi como la diferencia de NA (tabla 3). La reduccidn
de la dosis de NA a las 24 h no guardd relacién con
las cifras de cortisol basales (fig. 1) ni con la res
puesta suprarrenal tras la estimulacitn con cortico
trofina (tabla 4). Las curvas de Kaplan-Meier no de
maostraron diferencias entre ambos grupos en el
tiempo de tratamiento con NA (mediana en el grupo
AL T dias; grupo B, 8 dias; p=0,99).

No hubo diferencias entre ambos grupos en la in
cidencia de pacientes tratados con ventilacién meci

TABLA 2. Cortisol basal y tras estimulacién
glandular con 250 mg de corticotrofina en ambos

arupos

Cimapo A (m =4} | Goggo B m= 48| p

22123 21712 092
2822136 289%12.1 0O

Cortisal bazal { pug/dl)
Cortizal {peddl)

alos 3 min de HDUST
Cortizol {pg/dl)

a los &0 min de HDCST
Diterencia de cortisol

=9 pgidltras HDCST
HINCST: prsba, S esnimal 0 st com okt as dosls de oo iotmdima,
tirepo A- paciesies mmdos oon cormccades ; grapa B grepo cossrol.
Lo dancs expoesin madia + deviacion estindar om (%),

297137 3062123 0,74

I edE 24050 018
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TAELA 3. Dosis de noradrenalina antes
y alas 24 h de la estimulacion suprarrenal

Giozpor A (m = 48] | Gingpo B im = 48} | p
060=037 0592035 058

Momdrenalina basal

(pgkg/min)

MNomdrenalinaa laz 24 h 041 =038 0392042 053
(pg/kg/min)

MNomdrenalina diferencia 019036 020=036 049
(g g/min)

HINCET: poueba de essimmel acson con akas doss de com oo ofima.
o A pacie pes tEtidos com cort ondes; grapo B grapo coagol.
lLow éamos expeesan medin = desviacide s dndar safve gue se | sdigee ofm cosa

nica, terapias de reemplazo renal y drotrecogina alfa
(tabla 5). Tampoco hallamos diferencias en el nime
ro de pacientes gue recibieron tratamiento antibioti
co inadecuado nien el balance hidrico a las 24 h (ta
bla5).

El SOFA maximo fue més elevado en el grupo A
queen el grupo B (13,44 3.2y 12,04£ 3 Srespectiva
mente; p=0054). No hallamos diferencias significa
tivas en la mortalidad hospitalaria entre ambaos gru
pos (el 34% en el grupo A y el 52% en el grupo B; p
=084).

DISCUSION

Los resultados de nuestro estudio indican que los
pacientes con shock séptico tratados con hidrocorti
sona, independientemente de las cifras basales de
cortisol v la respuesta suprarrenal, no presentan una
mejor respuesta hemodindmica a las 24 h que los que
no reciben dicho tratamiento.

Los efectos de los corticoides en la respuesta car
diovascular, aumgque conocidos, no estin plenamente
comprendidos™. El cortisol contribuye a mantener la
contractilidad cardiaca, el tono vascular y la presidn

0,4+
]
£
TE 03
25
83
(=]
c2 0,24
L =
oo
=
TE 014
s2
=
0
=10 »10-15 = 1520 »20-25 25
Cortisol basal (ug/dl)
n= 4 12 10 8 14
p= 089 08 081 096 070

Figuwra i. Variacidn en la dogis de noradrenaling lax primeras 24
h en log pacientes tratados con bajas dogis de corticoides (barras
grises)y grupo control (barras negras ), segin las cifras basales de
cortisol.

388 Med hntensiva. 2008,22(8):385-80

52

TABLA 4. Diferencias en la respuesta
hemodinamica en los pacientes con

y sin ISR, segln recibieran o no tratamiento
con corticoides

Ginzpo A Gazpo B P
(o= 4] im = 48}
Diferencia ée contisol 31 25

= 9 pgidl tras HDCST. n
NA basal {pg'kg/min) 054020 056039 08
NA alas 24 h (pgkg'min) 03=036 0352044 028
NA diferencia { pg/kg/min) 0.16=032 021041 044
Diferencia dée contisol 17 ]

= 9 pgidltras HDCST. n
NA bazal {pg'kg/min)

MA alas24 h { pgkg'min)
MA diferencia { pg/kg/min)

070046 04622031 0OES
0452043 0432040 096
025043 0182031 045

Gimepo A puc et e manados com oot iond dess; grape B grepo conal.

arterial aumentando la respuesta a la angiotensina 11,
la adrenalina v la noradrenaling*™* Las gufas de la
Surviving Sepsis Campaign apoyan el uso de la
LDST en el shock séptico dependiente de firmacos
vasoactivos!, independientemente del diagnostico
bioguimico®!, basindose en estudios aleatorizados
donde el uso de hidrocortisona se ha asociado con
menos tiempo de shock™*# y disminucidn de la mor
talidad”. Sin embargo, su wso indiscriminado ha sido
criticado®™2 v en nuestra experiencia no se harela
cionado con una disminucion del tiempo de shock

que si se relaciond con la gravedad del cuadro- ni
con una disminucidn de la mortalidad™. Por ello, de
terminar qué grupo de pacientes con shock séptico
podrian beneficiarse del tratamiento con LDST es
fundamental y sigue sin ser dilucidado™. No se debe
olvidar tampoco los potenciales efectos adversos aso
ciados al uso de corticoides en los pacientes en la
UC.

Tedricamente, los pacientes con shock séptico
que presentaran bajas cifras basales de cortisol o no
respondieran a la estimulacion suprarrenal deberfan
presentar una mejor respuesta a la LDST. Sin em
bargo, en nuestro estudio no hemos evidenciado un
beneficio inmediato en la evolucion hemodindmica
(disminucidn de las dosis de NA a las 24 h) ni en la
mortalidad; al igual que Rady et al, Keh et al® tam
poco hallaron diferencias tras 24 hen la dosis de far

TABLA E. Tratamientos aplicados a los pacientes
en shock séptico

‘ Ginepa A | Croape ‘ P
m = 4} = )

Ventilacidn mecanica, 44917 43808 1
ni{%)

Hemadiafiltracidn continua, 15{31.3) 18(37.5 052
n (%)

Diratrecogina alfa, n (%) 22 {04y 021

Antibidtico inapropiado. 5104y {04 1
n (%)

Balance hidrico a las 24 h (1), 2723 29226 059
media = DE

Cimapo A e et o5 manadon com Com ool des; grapo B grapo commal.
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macos vasoactivos en los pacientes con shock sépti
co tratados o no con corticoldes. Los hallazgos de
nuestro estudio no respaldan lo propugnado por al
gunos autores que indican gue una respuesta hemo
dinamica precoz tras 1-2 dias de tratamiento con
LDST seria el punto crucial paracontinuar con dicho
tratamiento ™41,

Respecto a los pardmetros bioguimicos que se
asociarian tedricamente a una mejor respuesta he
modindmica al tratamiento, la controversia es atin
mayor™#*  dado que son bien conocidas las limita
clones de las pruchas dingndsticas en los enfermos
criticos®. Las cifras basales de cortisol consideradas
«Gptimas» en los pacientes criticos oscilan entre 10
v 34 pg/dP 493 Ante la variabilidad de estas cifras,
Marik et al*, en un estudio que incluyé a 59 pacien
tes con shock séptico, mostraron que cifras basales
de cortisol de 23,7 pg/dl serian el parimetro analfti
co mis preciso para predecir la respuesta hemoding
mica a la LDST. En nuestro estudio no hallamos di
ferencias en la respuesta hemodindmica de acuerdo
con diferentes intervalos de cortisol basal. Sin em
bargo, debe resefiarse que el grupo de cortisol basal
< 10 pg/dl solo incluyd a 8 pacientes. Otros estudios
recientes tampoco hallaron relacion entre las cifras
basales de cortisol, la respuesta hemodindmica y el
pronstico™.

En cuanto a la valoracidn de la reserva de la
glindula suprarrenal, desde el estudio de Annane et
al’, el test de estimulacidn suprarrenal con 250 g
de corticotrofina se ha utilizado de modo generali
zado. Sinembargo, esta prueba ha sido criticada, ya
gue supone un estimulo suprafisiologico de la glin
dula suprarrenal®. Por ello, algunos autores respal
dan la practica de estimulacion suprarrenal con do
sis bajas de corticotrofina®, que presenta una
mayor sensibilidad diagndstica, aunque no haya
consenso respecto a su empleo en los pacientes cri
ticos®. El estudio de Annane et al” mostré una re
duccion de la mortalidad v el tiempo de shock sélo
en los pacientes con ISR. Igualmente, Oppert et al*
mostraron que los pacientes con una inadecuada re
serva suprarrenal presentaban una mejor respuesta
hemodindmica cuando se los trataba con hidrocor
tisona, a diferencia del estudio de Bollaert et al®,
que hallaron un beneficio hemodindmico en los pa
clentes sépticos con y sin ISR. Otros autores han se
fialado que la estimulacion glandular no predice la
respuesta hemodindmica v recomiendan el uso ge
neralizado de corticoides™.

Nuestro estudio presenta varias limitaciones. La
mis importante es que se trata de un estudio retros
pectivo con un nimero de pacientes pequeiio. Sin
embargo, los pacientes estaban bien apareados por di
ferentes cifras basales de cortisol ¥ requerimientos de
firmacos vasoactivos, v ambos grupos presentaban
iguales caracteristicas clinico-demograficas. Otra li
mitacidn es que no determinamaos las cifras de globu
lina transportadora de esteroides. Aungue la concen
tracién sérica de albimina era similar en ambos
grupos, no se pudo calcular el indice de cortisol libre,
que constituye la porcion biologicamente activa®*.

Sinembargo, su uso en la clinica practica actualmen
te es muy escaso™.

Concluimos gque los pacientes con shock séptico
tratados con LDST presentan a las 24 h una respues
ta hemodindmica idéntica a la de quienes no reciben
dicho ratamiento, independientemente de las cifras
basales de cortisol y larespuesta ala estimulacién su
prarrenal .
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Relationship Between Plasma Adrenocorticotropin Hormone
and Intensive Care Unit Survival in Early Traumatic Brain

Injury

Juan A. Llempart-Pou, MD, Joan M. Raurich, MD, PhD, Jordi Ibdiez, MD, PhD,
Bartolomé Burguera, MD, PhD, Antonia Barceld, MD, PhD, José I Ayestardn, MD,

and Jon Pérez-Bdrcena, MD

Backgromnd: vypothalamic pititary
adrenal response has been recently evalu-
ated in patients with traumatic brain injury
(TBL with different results. Our objec-
tive was to study this response and iis
relationship with outcome in the early
stage after TEIL

Methads: we conducted a prospec-
tive observational clinical study in the
intensive care unit of a tertiary level
university hospital. The study included
S0 consecutive patients who suffered iso-
lated TBIL. Intracranial pressure (ICF)
was measured by an intraparenchymal
probe. All patients were sedated and me-
chanically ventilated. Second-level mea-

sures were provided as per protocol,
when needed. We measured plasma ad-
renocorticotropin hormone (A CTH) lev-
els, as well as baseline and stimulated
serum cortisol after a high-dose cortico-
trophin stimulation test, within 2 days
after TBI for all patients.

Resilts: Mean age was 36 + 18
(ramge 16-77) vears. Forty-four (88%)
were male. Median Glasgow Coma Scale
seore was 7. Mean ACTH was 154 £ 198
pg/mL. Mean baseline cortisol was 14.5 =
00 pgfdL and mean stimulated cortisol
was 27.1 = 73 pgidl and 305 = 72
pafdl at 30 and 60 minutes, respectively.
Baseline and stimulated cortisol were not

correlated with mortality. Logistic regres-
sion analysis revealed that, either plasma
ACTH levels <9 pg/mL or lack of indica-
tion to provide second-level measures to
control ICP were significant independent
predictors of survival,

Conclsions: The presence of a low
plasma ACTH concentration at an early
stage of THIand lack of indication to pro-
vide second-level measures to contrel 1CP
were associated with a higher intensive
care unit survival.

Key Words: Traumatic brain injury.
Plasma  adrenocorticotropin, - Cortisol,
Outoomnme.

raumatic brain imjury (TBI) constitutes an important

canse of death in young adults.' Prognosis in patients

who suffer a TBI has been mainly related to clinical
signs, such as Glasgow Coma Scale (GCS) score” and pupil
reactivity,” and to cranial computed tomography scan features
at admission.*

The existence of neuroendocrine dysfunction in TBI pa-
tients has long been recognized and an increased attention in
the hypothalamic-pituitary-adrenal (HPA) axis has been
documented.™” However, although current understanding
suggests that after trauma there is an increase in total serum
cortisol, plasma adrenocorticotropin hormone (ACTH) and
catecholamines.*® there remains considerable controversy
concerning plasma cortisol and cortisol dynamics in the acute
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and intermediate phases after brain injury.” These differences
come from different causes of brain injury,” severity of
injury,"™" and time of study after injury.''~"

The relationship between plasma ACTH and cortisol
levels and patient cutcome in TBI patients is not well known.
Woolf et al."™ reported that admission cortisol levels in TRI
patients were elevated in all patients. irrespective of the
severity of the brain injury. Those patients with serum corti-
sol values <20 pgfdL 1 day after injury, had better neuro-
logic outcomes than did those who had higher cortisol values.
Koiv et al."® reported that plasma ACTH levels were rela-
tively low in patients with severe TBI, in disagreement with
the high serum cortisol concentration in these patients.

The aim of our study was to determine plasma ACTH
levels and the adrenal reserve in the early phase of TBI and
its relationship to clinical outcome.

MATERIALS AND METHODS
Patients and Management

Fifty consecutive patients with isolated TBI admitted to
our intensive care unit (ICU) between July 2003 and May
2005 were prospectively enrolled in this study. We obtained
the hospital research ethics committee’s approval and the
relatives” informed consent. All patients included in the study
were intubated, mechanically ventilated, and had intracranial
pressure (ICP) monitoring. The exclusion criteria were age
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Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

56



The journal of TRAUMA® infury, Infection, and Critical Care
]

<16 years, lack of indication to measure ICP, traumatic
injury of other organs, probability of survival <48 hours,
previous use of drugs known to affect comtisol secretion
(corticosternids, etomidate), and patients who had developed
septic shock.

Immediate removal of intracranial masses was per-
formed when the attending neurosurgeon considered indi-
cated before ICU admission. Management of the patients was
done according to a standard TBI protocol used in our ICU.
All patients were sedated with midazolam, propofol, or both
by continuous intravenous infusion and analgesia was accom-
plished with morphine. To achieve better ventilation or to
improve control of high ICP, muscle paralysis with cisatra-
curium was induced as required. Norepinephrine (NE) was
administered to maintain cerebral pressure perfusion {(CPP)
above 60 mm Hg when necessary. Treatment of ICP included
control of general measures, mannitol, hypertonic saline. and
moderate hyperventilation according to jugular bulb oxygen
saturation values. Cerebral hemodynamics were evaluated by
transcranial color-coded sonography. If second-level mea-
sures were required to control high ICP, barbiturate coma or
moderate hypothermia was used according to the criteria of
the ICU attending physiclan. When ICP became refractory to
second-level measures, we placed an external lumbar drain-
age if the radiologic conditions detailed in a recent report
were present.'® With this homogeneous management of the
patients, we minimized the potential influence of sedation
and therapeutic procedures in all patients.

ICP was measured by an intraparenchymal probe {Camino,
Integra NeuroSciences, Plainsboro, NI, Severity of injury at
admission was evaluated according to the GCS score after
resuscitation,'” the Injury Severity Score (155)." and the score
of the Acute Physiology and Chronic Health Evaluation 11
(APACHE II) 24 hours after admission.'® The degree of head
injury was graded radiclogically at ICU admission according to
cranial computed tomography scan features from a radiologist’s

point of view, according to Marshall’s classification.®®

sSamples

Blood samples for ACTH and cortisol analysis were
collected within 2 days of injury onset at different times of
the day. Blood samples were obtained through an arterial line.
After baseline samples were drawn, a high-dose corticotro-
phin stimulation test was performed by injecting 250 pg
corticotrophin  (Synacthene, Novartis, Switzerland). Blood
samples were collectad 30 and 60 minutes afterward.

The diagnosis of impaired adrenal function reserve was
established on the basis of a cortisol response of <9 pg/dL.2!

Analysis

Whole blood was collected into EDTA crystal tubes with
aprotinin to measure ACTH and into crystal tubes without
anticoagulant to measure cortisol. Samples were immediately
centrifuged and kept cool until measurement. When ACTH
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analysis was not performed the same day, plasma samples
were stored at —70°C.

Plasma ACTH was measured using an immunochemilu-
minescent assay, ACTH (Immulite 2000, DPC, Los Angeles,
CA). Normal values were 9 to 52 pg/mL. The detection limit
of the assay was 5 pg/mL. Serum cortisol was measured using
an immunochemiluminescent assay, Cortisol (Advia, Cen-
taour, Bayer, NY). Normal values for nonstressed individuals
were 4.30 to 24.40 pgidL.

Statistical Analysis

The valves are presented as mean and standard deviation
as appropriate. The continuous varlables were dichotomized
using cut off points that were clinically relevant with previ-
ously published threshold values. For the univariate analysis,
proportions were compared by the y° test and adjusted odds
ratios, and 95% confidence intervals were calculated. To
examine the simultaneous effects of multiple variables on
ICU survival. a multivariate analysis was performed using a
conditional logistic regression model and a forward stepwise
selection method to correct for colinearity. Variables were
selected for the model if p <0 0.05. Comparison between
groups according to ACTH levels were made vsing the Mann—
Whitney L' test for continuous variables and Fisher's exact
test for categorical variables. A two-tailed p value <<0.05 was
considered the minimum level of statistical significance. Data
were analyzed using SPSS version | 1.0 (SPSS Inc., Chicago,
IL}.

RESULTS

The mean age of the 50 patients studied was 36 = 18
(range 16-=77) years. Forty-four (88%) were male. Median
GCS score was 7 (range 3-15). Three patients had an initial
GCS score of 14 to 15 but suffered an early and severe
deterioration of level of consciousness. All patients had cra-
nial computed tomography (CT) scan abnormalities (Table
1). Mean APACHE II score was 18 * 6 (range 5-35) and
mean [55 was 25 = 9 (range 1 1-41). Plasma albumin on the
day of the corticotrophin stimulation test was 3.0 £ 0.4 g/dL.
Mean time from ICU admission to the corticotrophin test was
29 =+ 8 hours. Thirty patients (60%) received NE during the
study to maintain CPF above 60 mm Hg. Overall mortality
was 26% (13 patients).

Tahle 1 Disteibution of the Patients According to
Marshall’s Classification and CT Sean at ICU Admission

Murnbar (%)

of Patiarts
Diffuse lesion type | Oy
Diffuse lesion type 1| 22 (44)
Diffuse lesion type 11l 8(16)

Diffuse lesion type IV 24
Evacuated mass 13 (26)
Monevacuated mass 510y
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Table 2 univariate Analysis for Survival
Odds Ratio
Age =40 yr 2.4

€l 95% o
0.67-8.82 047

GCS =8 points 2.8 0.67-12.00 0415
APACHE Il =15 points 10.2 1.20-86.70 0
Mo need of NE 24 0.67-11.02 0415
ACTH =9 pg/mL 171 3180212 <0.0001
Baseline cortisel =20 pofdL a7 0.94-1440 0.054
Cortisol response =8 pgfdL 1.8 0.38-0.40 0.4
Mo need second lavel aor 1.56-41.72 0,006
measures

GCS, Glasgow coma scale; APACHE, acute physiclogy and
chronic health evaluation; ME, norepinephrine; ACTH, adrenocortico-
tropin homona.

Bold p values indicate statistical significance.

Table 3 The Variables Independently Related to
Survival by Multiple Logistic Regression Model

Ocde Ratic  CI95% ]
No nesd of second-level measures 11.38 1.6-78.0 004
ACTH =0 pg/mL 22.37 341474 0,001

ACTH, adrenocorticotropin hormone.

Mean plasma ACTH concentration was 154 = [9.8
pefmL. Thirty patients (60%) had plasma ACTH wvalues
lower than 9 pg/ml. Two patients had plasma ACTH con-
centrations higher than 52 pg/mL. Mean baseline cortisol was
14.58 £ 9.0 pg/dL and stimulated cortisol levels were 27.1 *
7.3 pgiL and 30.5 £ 7.2 pgidL at 30 and 60 minutes,
respectively. Eight patients ( 16%) were nonresponders to the
corticotrophin stimulation test, but all of them showed stim-
ulated cortisol at 30 or 60 minutes of =20 pg/dL. ACTH and
baseline cortisol were poorly comelated (r* = 0.32, p <
0.0001). Baseline cortisol and maximum stimulated cortisol
level showed a better correlation (r* = 0.50, p =< 0.0001).

Univariate analysis showed that APACHE II =15, no
need of second-level measures to control ICP, and plasma
ACTH =9 pg/mL were correlated with good outcome,

whereas GCS score =8, age <40 years, no need of NE to
maintain CPP, baseline cortisol <20 pg/dL and cortisol re-
sponse =9 pg/dl were not (Table 2).

Logistic regression analysis showed that no need of
second-level measures to control ICP and presence of low
plasma ACTH values (<29 pg/mL) at 24 to 48 hours after ICU
admission were significant independent predictors of ICU
survival (Table 3).

Patients with low ACTH values (<29 pg/mL) had a lower
statistically significant mortality than did patients with ACTH
values =9 pgfml (7% vs. 55%, p < 0.0001) and a lower
baseline cortisol. Consequently, patients with low plasma
ACTH and higher survival had an increased 1CU length of
stay (p = 0.03). No significant differences were found with
other related variables (Table 4).

DISCUSSION

In this study, we indicate that patients with low plasma
ACTH levels at an early stage after TBI had higher ICU
survival rates.

The association between cortisol, pituitary hormones de-
ficiencies, severity of TBL and outcome prediction has been
studied with contradictory findings.*™'"*? A good under-
standing of the HPA axis status in TBI patients is challenging
because of the complexity of its different components and its
modulation by different hormones and cytokines.®** In ad-
dition, both low- and high-dose corticotrophin stimulation
tests have been used for ICU patients with brain injury to
evaluate adrenocortical function and these tests have been
performed at different times after brain injury and under differ-
ent conditions (sedation, mechanical ventilation),*!!-142425

It is commonly accepted that the HPA axis undergoes a
biphasic course during severe trauma: a first phase (within 6
days of injury) is characterized by both high ACTH and
cortisol levels; the second phase is characterized by a disso-
ciated low plasma ACTH level with a high level of
cortisol #81322.2627 Baon et al.'® described that a great
variability in ACTH concentration exists at initial phases

Table 4 Characteristics of Groups Distributed hy ACTH Level

ACTH =9 pgdnL

ACTH =9 pgimL

in = 30 in = 20) e
Aga, yrt 28 (20-48) 23 (19-53) 0.74
GCE* TI15-9) 7 (49 0.54
APACHE II* 16 (13-20) 10 (14-23) 018
155" 25 (18.25-32.75) 22 (17-36) 0.85
Baseline cortisol (pgfdL) 104 =50 214 =88 =0.0001
Cortisol 20" (pa/dL) 256 =49 204 =07 01z
Cortizol 60" (pg/dL) 280=+586 328 =87 0.08
Sacond level measuras, n (%) 14 (47) 12 (60) 0.25
Extemnal lumbar drainage, n (%) 2010 3(18) 0.59
ICL) length of stay (days) 206 = 11.0 162 £15.4 0.03
Martality, n (%) 207 11 (55) <0.0001
Data expressed as mean = S0
* Data expressad as median and interquartile range (25th-75th).
GCS, Glasgow coma score; APACHE, acute physiolegy and chronic health; 1SS, injury severnity scora.
Volime G2« Number 6 1459
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after TBI, and that its values tended to increase with the
severity of injury up to 155 13 o 24 in the first 2 hours after
TBI. This concurs with the results of Penteleny et al.%® who
found that, in patients with head injuries. a fatal outcome
could be predicted within the first days if an over-activation
of the pituitary-adrenal axis was present. In agreement with
these reports, our study reveals low plasma ACTH levels 2
days after TBI in 60% of the patients. This finding was
associated with a good outcome prediction. In addition, this
subset of patients with low plasma ACTH had a mean base-
line cortisol lower than that of the patients with normal or
high plasma ACTH (Table 4). It is important to underline that
all these patients with low ACTH had a normal adrenal
reserve, as evidenced by their optimal response (=20 pe/dL)
to the high-dose corticotrophin test.

Owr results showed that in the group of patients with low
ACTH levels only 2 individuals died: the first one was a
TO-year-old man with a nonevacuated mass who presented
with cardiac arrest and unexpected hyperkaliemia. He had
developed refractory intracranial hypertension and was
treated with barbiturate coma when he entered in cardiac
arrest. An earlier study described unexpected electrolytes
disturbances in patients after therapeutic barbiturate coma.®?
The second patient was a 16-year-old boy who was operated
on as a result of a subdural hematoma, and who developed
refractory intracranial hypertension. He was treated with
moderate intravascular hypothermia and his ICP was con-
trolled. At the rewanming stage, he entered in cardiac arrest
and died. Electrolytes disturbances are a well-known side
effect after hypothermia therapy.™ In the group of patients
with normal ACTH levels. 11 (55%) died. Among them, nine
developed refractory intracranial hypertension as a result of
second-level measures failure and subsequently became brain
dead. The cause of death in the last two patients was a septic
shock.

We understand that our study has several limitations.
First, we did not collect blood samples at the same time of the
day for all patients and we did a single determination. How-
ever, the adrenal circadian rhythm has been suggested to be
abolished in patients with brain injuries. In a recent study,
Cohan et al.** did not find differences between moming and
evening cortisol levels. Schwarz et al..*” in a small subset of
patients suffering from acute space occupying ischemic
stroke, also found similar levels of cortisol and plasma ACTH
in daily repeated determinations. In addition, recent evidence
has shown that random cortisol measurements reflect the
24-hour adrenal secretory profile in patients with sepsis.”

Second, some authors think that a low-dose corticotro-
phin stimulation test is the best method to study adrenal gland
function.’! Incomplete adrenal atrophy in patients with cor-
ticotrophin deficiency may be masked by the supraphysi-
ologic dose yielding a misleading normal cortisol response.™
At the same time, it has been reported that this test is less
specific compared with high-dose corticotrophin test.** Two
previous studies did not find a good correlation between
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ACTH plasma levels determined during the first days after
TBI and outcome.'*** However, one of these reports'® de-
scribed that patients with severe head injury. and less chance
to survive, had very high plasma cortisol levels. Elevated
cortisol secretion appears to be more indicative of the severity
of trauma and a less favorable clinical outcome.™

Another limitation of our study is that we measured total
serum cortisol. Corticosteroid binding globulin levels de-
crease during the acute phase of brain injury,” and the calcu-
lated free cortisol index could not be correlated with total
serum cortisol. However, the use of calculated free cortisol is
currently limited in daily clinical practice®® because measure-
ment of corticostercid binding globulin is not available in
many laboratories, including in ours.

Our data shows that the presence of low plasma ACTH
concentrations at an early stage of TBI is associated with a
chance of ICU survival. Contrary to what is expected™ age
was not found to be an independent predictor of outcome in
our patients. This fact probably is related to the groups
chosen for the analysis (=40 years) and the small size of the
sample. Patients aged =60 years are more likely to have a
worse outcome.*® However, the parameters indicating sever-
ity of injury (APACHE 11, IS8, GCS, refractory ICP, and
need of second-level measures) were equal between both the
group with ACTH higher than pg/mL and the group with
ACTH lower than 9 pg/mL (Table 4). We could speculate
that the hypothalamic pituitary area (where corticotrophin
releasing factor is produced). which is the major hormonal
coordination center, does a better job integrating afferent
signals and predicting the degree of TBI than do traditional
markers of prognosis of ICU patients with traumatic brain
injuries.

Cur findings support the role of plasma ACTH as a
prognostic tool for survival in TBI patients. A prospective
study evaluating the hypothalamus-pituitary-adrenal axis at
different stages after TBI is required.

In summary, in the early stage of isolated and moderate
to severe TBI, the presence of low plasma levels of ACTH
were associated with significantly increased ICU survival.
We think that this data might be considered as a predictor of
mortality for TBI patients. At this stage of TBL in most
patients, adrenal gland function, assessed by the high-dose
corticotrophin stimulation test, is not impaired.
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Abstract

Objective  Endocrine  disturbances are common  after
traumatic  brain injury (TBI). Hypothalamic-pituitary

adrenal (HPA) axis response in TBI patients may be related
with hemodynamic status. However, its relationship with
outcome s unclear. Our objective was to evaluate HPA
axis response in the acute phase after TBI in patients with
or without extracerebral trauma (ECT), and to investigate
the impact of systemic injury and the mechanisms under

lying HPA response.

Methods  We prospectively studied 165 patients with
moderate to severe TBI. Between 24 and 48 h after TBI,
blood samples were taken for plasma adrenocorticotrophin
homone (ACTH) and baseline cortisol measurements.
Afterwards, a short corticotrophin hormone test (250 pg
Synacthen) was performed and samples were obtained at
30 and 60 min. We compared HPA response in TBI
patients presenting with and without ECT and investigate
potential mechanisms underlying this response.

Resufts One hundred and eight patients presented with
isolated TBI, whereas 57 patients presented associated
ECT. Both groups were comparable. Owverall, 23.6% of
patients fulfilled adrenal insufficiency (Al) criteria. Patients
with plasma ACTH <9 pg/ml and patients presenting with
hemorrhagic shock were more likely to present adrenal
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imparment. Varables associated with mortality were
Injury Seventy Score, Glasgow Coma Scale, Traumatic
Coma Data Bank classification different than type II. need
of second level measures to control intracranial pressure
and plasma ACTH =9 pg/ml

Conclusion  Patients with TBI presenting with or without
associated ECT present similar acute HPA response. Al is
present in 23.6% of patients. Risk is increased in patients
with low plasma ACTH levels and in patients with hem
orrhagic shock. Both primary and secondary mechanisms
of HPA failure were found. However, Al did not affect
outcome.

Keywords  Traumatic brain injury - Extracerehral
trauma - Adrenal insufficiency - Cortisol - HPA axis -
Adrenocorticotrophin hormone - Risk factors - Outcome

Introduction

Disturbances of the hypothalamic—pituitary—adrenal (HPA)
axis constitwte a leading cause of neurophysiclogic
long-term sequelae after traumatic brain injury (TBI) [1].
Consensus guidelines focusing on the screening of these
neuroendocrine  disorders in TBI patients have been
recently published [2]. The study of HPA axis disturbances
in acute trauma patients has become a relevant clinical and
scientific topic [3, 4], and recent studies support the exis
tence of these disturbances in the acute phase after TBI
[4-8], suggesting a relationship among HPA axis function
with hemodynamic response [6, 7], immunomodulation
[6]. and outcome [8, 9]. Although mechanisms mediating
these disturbances are not clear, both primary and sec
ondary HPA failures have been suggested [6-8, 10].
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In addition, TBI patients who are at high risk to develop
adrenal impaimment remain poorly determined. and its inci
dence presents a high varability depending on the definition
we use [10]. Studies have shown contradictory results when
reporting patients who are maore likely to present adrenal
impairment [4-14], and in most cases, the population of TBI
patients studied was not homogencous. Recent studies have
also shown that HPA axis disturbances are common in
trauma patients without TBI [15, 16]. The influence of
extracerehral trauma (ECT) on the HPA response in the
acute phase of TBI has not been extensively studied.

Therefore, we conducted a large prospective study in the
acute phase after TBI aiming to evaluate HPA response in
patients with TBI with and without associated extracerebral
injuries, in an effort to investigate mechanisms underlying
stress response in these patients.

Patients and Methods
Patients

We prospectively studied 165 consecutive patients with
TBI admitted to the intensive care unit (1CU) in a tertiary
hospital (Hospital Universitario Son Dureta, Palma de
Mallorca, Spain) from November 2003 o September 2007,

We included patients with moderate or severe TBI who
were sedated, intubated, and mechanically ventilated. Intra
cranial pressure (ICP) was monitored by an intraparenchy
mal probe (Cumlnn@, Integra NeuroSciences, Plainshoro,
NI, USA) at neurosurgical team criteria.

Exclusion criteria were aged wvounger than 16 wears,
probability of survival less than 24 h, previous use of drugs
known to affect cortisol secretion (corticosteroids, etomi
date, ketoconazole), pregnancy and patients who had deve
loped septic shock at the time of analysis. Patients treated
with barbiturate coma at the time of analysis were also
excluded [13].

Hospital research ethics committee approved the study
and closest relative informed consent was obtained.

Management of 1CP

Immediate removal of intracranial masses was performed
at neurosurgical team criteria before ICU admission.
Management of the patients with ICP monitoring was done
according to a standard TBI protocol used in our ICU,
as previously discussed [8, 13]. Briefly, sedation with
midazolam and/or propofol and analgesia with morphine
by continuous infusion i.v. Muscle paralysis to achieve
better ventilation or to improve control of high ICP was
induced with cisatracurium as required. Norepinephrine
(NE) was administered to maintain cerebral pressure
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perfusion above 60 mmHg, when necessary. Treatment of
ICP included control of general measures, mannitol,
hyperntonic saline and moderate hyperventilation according
to jugular bulb oxygen saturation values. If second level
measures were required to control high ICP. barbiturate
coma, moderate hypothermia, decompressive craniectomy
or placement of an external lumbar drainage were used
according to the criteria of ICU and neurosurgical team.

Severity of Injury

Severity of imury at ICU  admission was evaluated
according to the Glasgow Coma Scale (GCS) score after
resuscitation [17], the Injury Severity Score (ISS) [18], and
the score of the Acute Physiology and Chronic Health
Evaluation 11 (APACHE II) at initial 24 h after admission
[19]. Patients were considered as having ECT if, in addi
tion to brain injury, they presented a score of 3 or more in
the abbreviated injury scale [20] in any of the following:
face, chest, abdominal, pelvic, limbs. The existence of
hemorrhagic shock also was indicative of ECT. Radio
logical degree of head injury was evaluated at ICU
admission according to cranial computed tomography
(CCT) scan features following TCDB classification [21].

Influence of Sedation

As some sedative agents have been suggested to affect
HPA response [7, 13]. we also studied the influence of
sedation, analgesia, and muscle relaxation on the incidence
of Al Sedatives used within 24 h of collecting blood
samples were recorded.

Samples and Analysis

Blood samples for plasma adrenocorticotrophin hormone
(ACTH) and cortisol analysis were collected within 48 h of
injury between 0O8:00 and 10:00 h. Blood samples were
obtained through an arterial line, After bascline samples
were drawn, a high-dose corticotrophin stimulation test
(HDCST) was performed by injecting 250 pg of cortico
trophin (Synacthene, Novartis, Switzerland). Blood samples
were collected at 30 and 60 min afterwards. Whaole blood
wis collected into EDTA crystal wbes with aprotinin to
measure ACTH, and into crystal wbes without anticoagu
lant to measure cortisol. Samples were immediately
centrifuged and kept cool at —70°C until measurement.
Plasma ACTH and serum cortisol were measured using an
immunochemiluminescent assay: ACTH (Immulite 2000,
DPC, Los Angeles, USA). Normal values: 9-52 pg/ml. The
detection limit of the assay was 5 pe/ml. Cortisol (Advia,
Centaour, Bayer, NY, USA). Normal values for non-stressed
individuals in our laboratory are 4.30-24 .40 pg/dl.
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Definition of Posttraumatic Adrenal Insufficiency

The diagnosis of adrenal insufficiency (Al in the acute
phase in TBI patients remains controversial [10]. In our
initial report in TBI patients [KE], we used a cortisol
response less than 9 pg/dl after the HDCST as a diagnostic
wol. However, at the current moment we agree with other
authors that baseline cortisol values must be included in the
definition of posttraumatic Al [7, 10]. Therefore, we con

sidered as diagnostic of Al the existence of baseline cortisol
<5 pg/dl (7) or a delta cortisol after HDOST <9 pgydl
[B.12].

Statistical Analysis

Results are presented as mean and the standard deviation
(SD) or median and interquartile ranges (25th-75th) as
appropriate. Comparison between groups was made using
Student's rtest or Mann-Whitney test for continuous
variables and Chi-square test or Fisher's exact test for
categorical varables. In order to examine the simultaneous
effects of multiple variables on mortality, variables with a
Povalue < 0L15 in the univarate analysis were entered
into a multivariate logistic regression analysis. Variables
with a P-value == 0.10 were removed from the multivariate

models according to a backward procedure. A two-tailed
Povalue < 0.05 was considered as the minimum level
of statistical significance. Data were analyzed using SPSS
version 13.0) (SPSS Inc., Chicago).

Results

TBI patients with isolated brain injury and with associated
ECT were comparable in baseline clinical characteristics,
except in the radiological features (Table 1). As expected,
a higher 185 was found in the group with associated ECT.
ICP was monitored in 124 patients (75.1%). Extracerebral
lesions were present in 57 patients, distributed as follows:
13 patients (7.9%) presented facial trauma, 43 patients
(26.1%) with chest trauma, 21 patients (12.7%) with
abdominal trauma, 20 patients (12.1%) with unstable
pelvie trauma, 21 patients (12.7%) had significant limhb
injuries, and 14 patients (8.5% ) suffered from hemorrhagic
shock. Similar mortality rates were found in both groups
(17.6% in isolated head injury vs. 14.0% in ECT patients,
P = 0.56).

We found no major differences in the HPA response
between patients with isolated TBI and with associated
ECT (Table 2). A totad of 39 patients (23.6%) fulfilled

Table 1 Clinical characteristics

of TBI patients with and without e ! e Frvalue
ECT — -
Age (vears), median (24th-75th) 31948 302248 097
Female, n (%) 15 {13.9) 10 (17.5) 053
IS5, median {25th=75th) 18 (16=25) 25 (20-34) 0001
APACHE I, median {25th— 16 {13=22) 19 (13=23) 012
T5th)
GCS, median {25h-75th) 759 s(a-11) 028
TCDR =001
ECT, extracerehral trauma; 155, Type I e 4
injury severity score; APACHE Type I 15 2
I, acute physiology and chronic Type IV 3 0
health evaluation-I1; GCS, Evacusted mass 2 5
Glasgow coma scale; TCDB, B ) - )
traumatic coma data bank; Non-evacuated mass 7 i
18AH, traumatic subarachnoid 1SAH, n (%) 50 (519 M (59.8) 134
hemorthage; NE use, n (%) 57 (52.8) 28 {49.1) 166
NE, norpinephrine
Tabbe 2 HPA respouse in TEI Tsolated TBI TBI + ECT Povalue
patients with and without ECT (n= 108) i = 57)
ACTH (pg'ml) 1.7+ 123 0.5+ 11.4 012
ACTH = 9 pghfml, n (%) 69 (63.9) 43 (754 013
Baseline cortisol (pgddl) 15.0 + 90 15.6 + 9.5 .76
Cortisol basal < 5 pgidl, n (%) 765 S5(8&) 0.75
ECT, estracerebral trauma; A Cartisal = 9 pe/dl, m (%) 14 (13.00 13 (22.8) .10
ACTH, adrenocarti cotrophin Cortisol maximum {pg/dl) I8+ 83 208+ 82 0.13

hormone
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criteria for Al (Table 2). Among them, 12/39 because of
haseline cortisol levels <5 pg/dl. and 27/39 because of a
delta cortisol <9 pg/dl. None of them fulfilled both criteria.
The incidence of non-responders to the HDCST was higher
in the ECT group (26 vs. 14%, P = 0.10) (Table 2).

All patients with low baseline cortisol presented with
plasma ACTH <9 pg/ml (lower reference value), suggest
ing a central defect. whether in non-responders to the
HDCST test, this fact was present in only [B.5%
(P < 0.001). No differences were found regarding mor
tality or need of NE support between patients with and
without Al (Table 3). Patients with and without Al differed
in the plasma ACTH levels and in the incidence of hem
orrhagic shock (Table 3).

We analyzed the use of the different sedatives, analge
sics, and muscle relaxants in the 165 TBI patients stratified
according to the presence or not of AL No influence of
these agents on HPA response was noted in these patients

(Table 4).

Univariate analysis to predict mortality showed that
variahles with statistical significance were 188, APACHE
I, GCS, NE use, plasma ACTH, TCDB classification, and
need of second level measures (Table 5). Logistic regres
sion analysis showed that TCDB classification different
than type 11, 185, plasma ACTH higher than 9 pg/ml, and
need of second level measures to control ICP were inde
pendent predictors of death (Table 5).

Discussion

The results of our study suggest that TBI patients with and
without ECT present similar HPA response. HPA impair
ment exists in one out of four TBI patients. Risk is
increased in  patients  presenting  with low  plasma
ACTH levels or hemaorrhagic shock. Both primary and
secondary mechanisms were found. Influence in outcome
is unclear.

Table 3 Comparision anal ysis

beaween, paticats with and Baseline cortisal A Cortisol Mo Al Povalue
without AT <Spgdlie=12) <9 pgidlin =270 (r=126)
Age (years), median (25th-75th) 28 (18-35) 31 {1948 32 (22—49) 0.24
Female, n (%) 32500 311D 19 (15.1) 0.54
58, median (25th—75th) I8 (1224 20(17-36) I8 (16-268) 037
APACHE I, median (25th—75th) I8 (15200 17(12-25) 6 {13-22) 191
GCS, median (25th=75th) 15 @d-11) T30 T (51 (L78
TCDB, n (%) 014
Type Il T(58.3) 14 (518} B2 (05.1)
Type NI - AL 14 (11.1)
Type IV - 2{T4) 1 (0.8)
Evacuated mass 541 5(185) 24 (19.0)
ISS, injury severity score: Non-evauted mass - EXRE A 5400
APACHE IL, acule physiclogy ISAH, n (%) 5417 14 (51.8) T1(56.3) 0.59
and chronic health evaluation- Exstracerehral trauma, n (%) 50411 13 (48.1) 30 (3. 0.21
[ GCS, Glasgow coma scale; Hemarrhagic shock 2(167) S{18.5) 7 (5.6) 0.08
EE?BLC::‘;T”;H;:_‘:E“ data ACTH = 9 pgiml 2 (100) 5(185) 95 (754) <0001
subarachnoid hemorthage; Second level measumes 4 (333 G (222 35 (TR 074
ACTH, adrenocorti cotrophin NE use 6 (50.0) 13 (48.1) 66 (52.4) 092
hormume; ICU, intensive: can: U martality 1(83) 7(259) 19 (15.1) 030
unit; NE, narepinephrine
I;;ﬂ:nikt?c“:ﬂ:u:::‘lgj;; 5' Baseline cortisol A Cortisol No Al Fovalue
relationship with AL < 5 pgidlin = 12) <O pgidl (n = 27) {n= 126)
Propofol, n (%) 12 {100%) 23 (R5%) 110 (B7%) 039
Midazolam, n (%) T (58%) 14 (525 o (525 092
Marphine, n (%) 12 { 100%:) 23 (B5%) 118 (93%) {18
Remifentanil, » (%) LE( ] 4 (15%) B (6% .18
Cisatracurium, n (%) 5(42%) 13 (48%) 38 (305 017
Haloperidol, n (%) 1 (R%) 3{11%) 11 (9%) 042
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Table 5 Umivariate and

mult variate analyses of factors

Univariate analysis

Multivariate analysis

associsted with ICU mortality Alive Drend Pvalue Odds ratio Povalue
(n = 138) (n=1I7) {95% CI)

(s ratios shown for variables o "

with p = 010, Results Age (years) 34416 44 4+ 22 0.7

cxpeessed 33 taesa 2 SD ot 155 2049 29 4 12 0004 1.09(LO114) 0001

(%) APACHE I 1744 3T <0001 .86 (0.73-1.01) 007

IS5, injury severity score; GCS B3 643 0.02 32(L1-9.2) 003

ﬁﬂiﬁ,"ﬁ:ﬂ; Ph}i“"l',"m‘ TCDR = 11 44(31.9) 18 (66.7) 0.001

and chronic health evaluation-

I; GCS, Glasgow coma scale; 1SAH 720522 18 (6.7) 0.17

TCDRE = II, traumatic coma Extracerebral trauma 49 (35.5) 8 (29.6) .56

data bank classification different NE use 64 (46.4) 21 (77.8) 0.003%

than gype I EM, evacusted Second level measures 28(203)  17(63.0) <0001 SO(LE143) 0002

muss; NEM, non-evacuated

s, (SAH imumatic ACTH= 9 pe/ml 370268 16(593) 0001 44 (15-125 0006

subarachnoid hemorthage; ECT, Baseline cortisol < 5 pgidl 11 (80) 137 0.69

extmeerebral trauma; NE, A Cartisal = 9 pg/dl 20 (14.5) 7(25.9) 0.16

morepinephnine

The study of the HPA response in the acute phase of
trauma patients has become a relevant scientific topic [3
16]. Patients who are at the risk of presenting adrenal
impairment are not well established. as incidence clearly
varies according to the definition used [10], and, in addi
tion, studies have shown different risk factors [4-9, 11-16].
Dimopoulou et al. [5] showed that endocrine disturbances
in TBI patients were more likely to occur inolder and more
severely injured patients. An HPA blunted response was
associated with hemodynamic instability and higher inter
leukin-6 levels [6]. Cohan et al. [7] documented a higher
incidence of HPA impaiment in patients who received
etomidate, high doses of propofol, and barbiturates, and in
patients with hypotension or with ischemic lesions.
Llompart-Pou et al. [13] also showed a higher incidence of
adrenal impairment in patients treated with barbiturate
coma, and interestingly. in the group treated with barbitu
rates the existence of Al was associated with higher
requirements of vasoactive support. Similar results were
found in patients with hemorrhagic shock [12, 15], a
finding that has been related to ischemia and necrosis
phenomena of the adrenal gland [22]. Koiv etal [11]
found a relationship between basal cisterns dimensions and
location of head injury with HPA response. Schneider et al.
[23] found a high incidence of pituitary abnormalities in an
imaging study in the acute phase of TBL Contrary to these
studies, other authors did not find any relation with dif
ferent well-known prognostic factors in TBI patients, as
age, Marshall score, APACHE 11 score, ISS [10] nor with
the presence of focal lesions in CCT, GCS score [4], or
ICP [5].

In this study, we compared acute HPA response in TBI
patients presenting with and without ECT in order to
determine the impact of systemic injury. Both groups had
similar response, as previously found by Chiolero et al.
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[14]. in a smaller group of patients. However, some dif
ferences were noted. The main difference was that patients
with ECT presented a higher incidence of a blunted
response to the HDCST.

Our large series of TBI patients identified Al in 23.6%
of patients similar to previously reported when both base
line and stimulated cortisol values are taken into account
[10]. Patients with TBI presenting with low plasma ACTH
or hemorrhagic shock were more likely to develop post
traumatic Al

Based on these findings, we speculate that posttraumatic
AT has a double mechanism.

Hemaorrhagic shock has been related with AT by Rushing
et al. [15] and by Hoen et al. [12]. In the later study, the
existence of Al, defined as a deficient response to the
HDCST, was correlated with higher interleukin-6 levels
and NE requirements. Probably, hemorrhagic shock exis
tence explains the (non-significative, P = 0.08) higher
incidence of a diminished adrenal reserve with normal
ACTH levels detected in the ECT group. suggesting a
primary adrenal failure. The second factor related to
posttraumatic Al was the presence of low plasma ACTH
levels, as all patients with low baseline cortisol levels had a
plasma ACTH level below the normal reference value. This
fact is quite important, as it suggests that posttraumatic Al
in this subset of patients with isolated TBI, is related to
hypothalamus or pituitary failure rather than a primary
failure. as previously reported by other authors [8]. Given
the particular vascularization of the anterior lobe of the
pituitary gland [24], this area appears especially vulnerable
to traumatic injury and its consequences [11, 24], as con
firmed in a imaging study by Schneider et al. [23].

In addition, we studied if sedatives use affected HPA
response. In this large TBI population, we found no
influence of these agents on stress response. These results
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are contrary to those previously suggested, showing that
adrenal response was affected by high-dose propofol [7]
and barbiturate coma [7, 13]. Most of our patients received
propofol at different doses, and none received barbiturates
before performing the HDCST.

Treatment with low-dose steroids has become a com
mon  treatment in o vasopressor-dependent  septic shock
patients [25]. Hypotension is one of the main causes of
secondary insults and worst outcome in patients with TBI
[26]. Several authors have supported a potential role of the
treatment with low-dose steroids in patients with TBI to
treat Al and improve hemodynamic status [3, 4, 6, 7. 10,
12, 13). A small and retrospective study suggested that the
hemodynamic response to hydrocortisone was correlated
with an improved outcome in TBI [27]. However, patients
who would benefit from this treatment have to be deter
mined yet, and this point has to be considered crucial as
recent evidence showed that treatment with high-dose
[Z8].
Although certain consensus exists conceming the potential
use of low-dose steroids to treat hemodynamic instability
in determined subsets of TBI patients [3, 4, 6,7, 10, 12, 13,
15]. more controversial is the effect of Al in the final
outcome. Moreover, in our prior report [8], we found that
patients with isolated TBI presenting with low plasma
ACTH had a favourable outcome compared with patients
with normal ACTH levels, and we considered this fact as
prognostic factor in TBI patients. This finding is also evi
dent in the present study, along with other well-known
prognostic factors in TBL In addition, we found no dif
ferences in mortality or in NE use in Al group compared

methylprednisolone  was  detrimental  after TBI

with non-Al group. Awaiting the results of a prospective
study evaluating hydrocortisone use in TBI setting [7]. and
attending to our data and the increased mortality found in
the CRASH trial [28], we would recommend considering
treatment with low-dose steroids only in those TBI patients
{with or without ECT) with most severe need of vasoactive
therapy, as for example, those with hemorrhagic shock [12]
or undergoing barbiturate coma [13].

Our study presents some limitations: Al has no clear
definition in the TBI setting. Different test and criteria have
been used and a consensus on its definition is warranted [6,
10]. We used the baseline cortisol level <5 pg/dl [7] and
the blunted response after HDCST as previously performed
in different studies [8, 12].

In conclusion, the results of our study suggest that TBI
patients with and without ECT present similar HPA
response, which is impaired in 23% of TBI patients. Risk is
increased in patients presenting with low plasma ACTH
levels or hemorrhagic shock by mediating primary and
secondary mechanisms. However, in our study, the exis
tence of Al did not affect outcome.
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Correlation between brain interstitial and total serum cortisol levels
in traumatic brain injury. A preliminary study

J.A. Llompart-Pou?, G. Pérez2, J. Pérez-Barcena', M. Brell3, J. Ibafez3, M. Riesco?, J.M. Abadall,
J. Homar', P. Marsé?, J. Ibénez!, B. Burguera*, and J.M. Raurich!

Tintensive Care Medicine Service; 2Clinical Analysis; 3Neurosurgery; *Endocrinology, Son Dureta University Hospital,
Palma de Mallorca, Spain

ABSTRACT. Introduction: Brain cortisol availability has never been evaluated in patients with traumatic brain injury (TBI). Cere-
bral microdialysis is a well-established technique for monitoring brain metabolism in neurocritically ill patients, which may be
used to measure interstitial cortisol. The objective of this preliminary study was to measure brain interstitial cortisel and its cor-
relation with total serum cortisol in patients with TBI. Methods: We prospectively studied 6 patients with severe TBI admitted
to the Intensive Care Unit of our tertiary University Hospital in which multimodal neuromonitoring including cerebral microdialysis
with a high cut-off of 100 k-Da and 20-mm long membrane was used. Serum and brain interstitial cortisol microdialysis sam-
ples were obtained every 8 h and analyzed afterwards. Results: Linear regression analysis of total serum cortisol and brain in-
terstitial cortisol in the whole population showed a moderate correlation (R2=0.538, p<0.001, no.=118). However, intra-indi-
vidual correlation showed a great variability, with correlation coefficients ranging from a R2=0.091 to R2=0.680. Conclusion:
Our prospective and preliminary study showed a moderate correlation of brain interstitial cortisol and total serum cortisol val-
ues in patients with diffuse TBl. However, intra-individual analysis showed a great variability. These results suggest that total
serum cortisol may not reflect brain cortisel availability in half of TBI patients.

{J. Endocrinol. Invest. 33: 368-372, 2010)

©2010, Editrice Kurtis

INTRODUCTION The objective of this preliminary study was to evaluate
The study of the hypothalamic-pituitary-adrenal (HPA) ax- the feasibility of using cerebral microdialysis to estimate

is response in the acute phase after traumatic brain in- brain interstitial cortisol concentrations and to examine
jury (TBI) constitutes a relevant scientific topic (1-7). HPA the correlation between total serum cortisol and brain in-
response has been related with the severity of injury (1), terstitial cortisol in patients with TBI.

outcome (2, 3), and hemodynamic instability in TBI pa-

tients (3-6). However, these studies have shown contra-

dictory results (1-7). In addition, the biochemical diag- MATERIALS AND METHODS

nosis of HPA failure remains controversial, and its inci- This study was conducted at the Intensive Care Unit (ICU)
dence depends on the definition and type of test used (8- of Son Dureta University Hospital (Palma de Mallorca,
10). Whether the evaluation of serum cortisol accurately Spain). The Ethics Committee of the Balearic Islands ap-
reflects brain availability of cortisol has not been deter- proved the use of cerebral microdyalisis for investiga-
mined. tional purposes on October 24th, 2007. In all cases, writ-
Cerebral microdialysis is a well-established technique for ten informed consent for inclusion in the study was ob-
monitoring brain metabolism in neurocritically ill patients tained from the closest relative. Serum and microdialysis
(11, 12). In addition to standard indications, microdialysis samples were obtained in conjunction with a separate
allows us to measure certain substances and metabolites study investigating cytokines profile in patients with dif-

in these patients, such as anti-epileptic drugs (13, 14) and fuse TBI (Dr Pérez-Barcena, unpublished data).

antibiotics levels (15). Microdialysis technigues have been . .

recently used to determine the relationship between in- Patient selection

terstitial cortisol with serum cortisol in different subsets of We prospectively studied & patients with severe TBI ad-

patients, as for example, obesity (16) and severe burns mitted to the ICU. Patients between 18 and 65 yr with

(17). However, a similar study in TBI patients has not been TBI and a diffuse lesion according to Marshall's classifi-

performed yet. cation (18) (classes II, Ill, and IV), wﬁo required intracranial
pressure (ICP) and brain tissue oxygenation monitoring
were eligible for the study. Patients with focal head in-
juries with a volume >25 ml and patients with coagulation
or platelet count disturbances were not included.

Key-words: Brain interstitial cortisol, cerebral microdialysis, total serum cortisol, trau- In all patients, ICP was monitored using an intraparen—

matic brain injury. N N -
Correspondence: J.A. Llompart-Pou, Servei de Medicina Intensiva, Hospital Univer- Chymal Camino catheter (l ntegra N eurosclences, Plains-

sitari Son Dureta, Andrea Doria 55, 07014 - Palma de Mallorca, llles Balears (Spain). boro, NJ, USA). The ICP catheter was placed in the frontal

E-mail: juanantonio.lompart@ssib.es o ja_llompart@hotmail.com region of the most affected hemisphere diagnosed by cra-

Accepted April 12, 2010. nial computed tomography. Brain tissue oxygenation was
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also measured with a brain tissue oxygenation probe (Li-
cox, Neurosciences) which was inserted through a dou-
ble-lumen bolt in conjunction with the ICP catheter. Sever-
ity of injury was evaluated using the Glasgow coma scale
after resuscitation (19). General management of all pa-
tients with severe TBI was standardized according to the
Brain Trauma Foundation Guidelines (20), and has been
summarized elsewhere (7). Briefly, sedation with midazo-
lam and/or propofol and analgesia with morphine by con-
tinuous infusion iv. Muscle paralysis to achieve better ven-
tilation or to improve control of high ICP was induced with
cisatracurium as required. Norepinephrine (NE) was ad-
ministered to maintain cerebral pressure perfusion (CPP)
above 60 mmHg, when necessary. Treatment of ICP in-
cluded control of general measures, mannitol, hyperton-
ic saline and moderate hyperventilation according to jugu-
lar bulb oxygen saturation values. If second-level mea-
sures were required to control high ICP, barbiturate co-
ma, moderate hypothermia, decompressive craniectormy
or placement of an external lumbar drainage were used
according to the criteria of ICU and neurosurgical team.
Outcome was evaluated at ICU discharge using Glasgow
outcome scale (21).

Microdialysis technique

Microdialysis catheters (CMA 71, CMA Microdialysis AB,
Solna, Sweden) with a 100 k-Da cut-off and a 20-mm long
membrane were inserted through a twist-drill according-
ly to previous publications next to the double-lumen bolt
for ICP and brain tissue oxygenation (22). The catheters
were perfused with a central nervous system perfusion flu-
id (NaCl 147 mM, KCI 2.7 mM, CaCl; 1.2 mM, MgCl, 0.85
mM without dextran) at 0.3 pl per min. The vials were
changed every 8 h to ensure enough amount of sample
for analysis (between 80 and 140 pl). Microdialysis and
serum blood samples were collected at the same time
and stored at —-80 C until analyzed. Microdialysis moni-
toring was started in all patients within 24 h after injury.

Cortisol analysis

Serum cortisol was analyzed using a immunochimiolu-
miniscent assay (Cortisol ACS:Centaur. Siemens®) ac-
cording to manufacturer's intructions. In this method, the
cortisol sample (20 pl) competes with labeled cortisol with
acridinium ester for binding with rabbit polyclonal anti-
body anticortisol of the solid phase. To analyze cortisol in
microdialysis samples we used a medification of the tech-
nique described earlier using 75 pl of microdialysate. The
method was calibrated with 13 different concentrations
ranging from 0.07 pg/dl to 1.71 pg/dl of cortisol and ad-
justing the results to an exponential curve using a spe-
cific program (Microcal Origin 6.0). The coefficient of vari-
ation of this modified method was 9.1% and 8.6% for
concentrations of 0.3 pg/dl and 1.0 pg/d|, respectively
(no.= 10). The serum assay gave a coefficient of variation
of 5.7%, 4.9%, and 5.1% for concentrations of 3.3 pg/d|,
21.4 pg/dl, and 35.8 pg/dl.

Statistical analysis

Variables are expressed in mean and SD. Correlation be-
tween total serum and microdialysis cortisol in the whole
population and in intra-individual analysis was performed
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Table 1 - Baseline clinical characteristics and outcome of the é
patients studied.

Gender Age GCS  Marshall ICU GOS
Patient 1 Male 18 5 2 Severe disability
Patient2  Fernale 18 & 3 Dead
Patient3  Fernale 23 7 3 Moderate disability
Patient 4 Male 18 5 3 Dead
Patient & Male 30 5 2 Meoderate disability
Patient & Male 54 8 2 Severe disability

GCS: Glasgow coma scale; Marshall: radiclogical classification of frau-

matic brain inéurias according to Marshall's radiclogical classification of
brain injury (18); ICU: intensive care unit; GOS: Glasgow outcome scale.

using linear regression. Data were analyzed using spe-
cific software: SPSS statistical package version 15.0 (SPSS
Inc, Chicago).

RESULTS

Baseline characteristics and outcome of the 6 patients
studied are summarized in Table 1.

Mean total serum cortisol and brain interstitial cortisol
were 15.9+9.2 and 1.1=1.0 pug/dl, respectively.

Linear regression analysis of total serum cortisol and brain
interstitial cortisol (microdialysis samples) in the whole
population showed a moderate correlation (R2=0.538,
p<0.001, no.=118) (Fig. 1). However, intra-individual cor-
relation showed a great variability, with correlation coef-
ficients ranging from a R2=0.091 to R2=0.680 (Fig. 2).
Three out of 6 patients (50%) showed an extremely weak
correlation (R2<0.15), whereas the remaining 3 showed
a moderate correlation (R2>0.50) (Fig. 2).

DISCUSSION
To our knowledge, this is the first study reporting brain in-

6.0

R2 Linear = 0.538
Mo. =118

=
(=}
1

Micredialysis cortisol
[~
o
L

0.0+

T
20 40 60

Serum total cortisol
Fig. 1- Linear regression of the 118 samples obtained in the é
tients. The concentration of cortisol is expressed in pg/dl.

o.= number of paired samples.
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Fig. 2 - Linear regression of the é patients individually analyzed. The concentration of cortisol is expressed in ug/dl. No.= number of
paired samples.

terstitial cortisol measurements in patients with traumat- of brain interstitial and total serum cortisol in half of the
ic brain injury. We demonstrated a moderate correlation patients with diffuse TBI, raising the possibility that mea-
of brain interstitial cortisol and total serum cortisol val- suring total serum cortisol may not accurately reflect brain
ues. However, intra-individual analysis showed a marked cortisol availability in all patients with TBI, in accordance
variability. with Cohen study in non-TBI critically ill patients (17). Our
Cortisol, the primary glucocorticoid, plays a major role in results using microdialysis technology are slightly higher
the maintenance of the homeostasis in the critically ill to those reported by Cohen in burnt and non-burnt tis-
patient as a major component of the HPA response (23). sues (17). We underscore the lack of normal reference
Stimulation of the HPA axis from the hypothalamic par- values in brain interstitial cortisol measurements, since
aventricular nucleus through complex and combined this is the first study evaluating this topic.

mechanisms causes secretion of glucocorticoids (corti- Interstitial cortisol concentrations reflect the glucocorti-
sol), which act in both the brain and periphery to pro- coid pool available to pass through the cell membrane
mote adaptation to stress (23). HPA disturbances are and bind to the glucocorticoid receptor (27), which is a
common in critically ill patients, and the TBI patients pre- crucial point in the maintenance of homeostasis. Cohen
sent specific characteristics, such as damage to the sel- et al. showed a lack of correlation of total and free plas-
la region (24), use of sedatives (3, é), and presence of ma cortisol with microdialysis measurements in burnt and
associated extracranial injuries (5, 7), which made the non-burnt tissues, suggesting that plasma cortisol, in
study of the HPA response even more complex. Differ- those critically ill patients, may not appropriately repre-
ent diagnostic criteria in this setting have resulted in a sent tissue cortisol actitvity (17), as seen in our study.
wide variability of incidence of HPA failure (8). In addi- These results suggest that tissue availability is influenced
tion, most of these tests present important limitations in by some aspects different than serum cortisol values,
critically ill patients (25, 26). Whether total serum corti- such as interstitial fluid volume and capillary leakage (17).
sol reflects what occurs in the brain has yet to be deter- In addition, HPA response is closely linked to the cy-
mined, as occurred with vancomycin (15) and phenytoin tokines production after TBI, and potentially could play a
(13). Due to this circumstance we decided to carry out significant role in neuroinflammatory response (4). How-
this preliminary study in TBI patients exploring cortisol ever, this issue has not been studied yet, and the number
levels in brain interstitial fluid and its correlation with to- of patients in this preliminary study does not allow us to
tal serum cortisol. obtain conclusions about the potential relation of brain
Our results showed an intra-individual lack of correlation interstitial cortisol and mortality. In our series, the two
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patients who died showed a similar profile than those
who survived.

The potential influence of sedatives in microdialysis mea-
surements has not been addressed in this study. Previous-
ly, different authors have addressed the influence of differ-
ent agents, such as propofol (3), barbiturates (3, 6), etomi-
date (28), and midazolam (28) in serum cortisol measure-
ments. This issue has not been evaluated in our study, but
we must underscore that no patient received etomidate
and, in addition, patients were managed according to a
strict protocol to control intracranial pressure, so the po-
tential effect of sedatives was minimized. To studly brain in-
terstitial cortisol dynamics and its relationship with ICP con-
trol and outcome in response to the administration of dif-
ferent sedatives agents seems, in our opinion, attractive.
Our study has some limitations: first, this is a limited sam-
ple size, although the total number of paired samples
was high (no.=118). In addition, this technique is invasive
in nature. Therefore, microdialysis should not be consid-
ered as a screening tool for HPA dysfunction in TBI pa-
tients. Second, as it is well-known that cortisol crosses
the blood-brain barrier in patients with TBI and that it has
a very low molecular weight (363 daltons), it is therefore
likely that the recovery rate through the 100 kD micro-
dialysis membrane catheter was high. However, we did
not perform in vitro studies and the recovery rate has not
been determined. Nevertheless in this study we evaluat-
ed the correlation between serum and brain interstitial
cortisol values, rather than their absolute values. Third,
this study was not designed to find a correlation of brain
interstitial cortisol values with outcome. However, this
way seems promising, opens a new field of study in the
evaluation of HPA response in brain-injured patients, and
therefore, should be considered as a working hypothesis
for future studies. Interstitial cortisol measurements re-
flect brain tissue availability, so studying its response, in
patients with severe TBIl undergoing complete invasive
neuromonitoring, may provide interesting information
along with other established markers of metabolic cere-
bral damage, such as interstitial glucose, lactate, piru-
vate, lactate/piruvate ratio or glycerol, usually studied
with microdialysis techniques.

In summary, in this preliminary study we showed a mod-
erate correlation between brain interstitial cortisol and
total serum cortisol values in patients with diffuse TBI.
However, intra-individual analyses showed a great vari-
ability in the results, suggesting that total serum cortisol
may not adequately reflect cortisol brain availability in
halt of these patients.
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Abstract

Background Traumatic brain injury (TBI) is commonly
associated with disturbances of the hypothalamic—pituitary—
adrenal axis secretion. Cerebral microdialysis techniques
have been recently applied to measure brain interstitial
cortisol levels.

Methods  We evaluated for the first time the circadian
rhythm of cortisol secretion at 08:00, 16:00, and 24:00 hin
the acute phase of TBI by determination of total serum and
brain interstitial cortisol levels (microdialysis samples) in
10 patients with TBI. Non-parametric Friedman’s two way
analysis of variance test was used.

Results  Mean age was 29.8 £ 13.6 years. Median Glas-
gow Coma Scale score after resuscitation was 5 (range
3-10). No differences were found in total serum
(P = 0.26) and brain interstitial cortisol (P = 0.77) in the

J. A, Llompart-Pou (<) - J. M. Raurich - J. Pérez-Barcena -

J. M. Abadal - J. Homar

Serveil de Medicina Intensiva, Hospital Universitan Son Dureta,
Andrea Donia 55, 07014 Palma de Mallorea, Illes Balears, Spain
e-mail: juanantoniollompan @ ssib.es;

Ja_llompart@ hotmail.com

G. Pérez - M. Ricsco
Amnilisis Cliniques, Hospital Universitari Son Dureta, Andrea
Doria 55, 07014 Palma de Mallorca, 1lles Balears, Spain

M. Brell - 1. lbafiez

Neurocirurgia, Hospital Universitari Son Dureta, Andrea Doria
55, 07014 Palma de Mallorea, Illes Balears, Spain

B. Burguera

Endocrinologia/IUNICS/CAIBER, Hospital Universitan

Son Dureta, Andrea Doria 55, 07014 Palma de Mallorca,

Illes Balears, Spain

Published online: 01 July 2010

76

whole sample. Intraindividual analysis showed that circa-
dian variability was lost in all patients, both in serum and
brain interstitial cortisol samples in the acute phase after
TBI.
Conclusion  In our series, circadian variability of cortisol
evaluated by serum and cerebral microdialysis samples
seems to be lost in TBI patients.

Keywords Traumatic brain injury - Cortisol -
Brain interstitial cortisol - Microdialysis -
Circadian rhythm

Introduction

Hormonal secretion profile in healthy humans presents a
typical circadian pattern which is mediated by the activa-
tion of the suprachiasmatic nuclei of the hypothalamus [1].
Cortisol is the major component of the host response to
injury in critically ill patients [1]. Cortisol secretion is
mediated by complex mechanisms resulting in a charac-
teristic biphasic pattern with a peak between 06:00 and
08:00 a.m. and a through during the evening activity [1].
However, this circadian variability is usually lost in criti-
cally ill patients, especially in those with traumatic brain
injury (TBI). Patients with TBI present specific character-
istics, such as the direct injury to the hypothalamic—
pituitary area [2], that difficults the study of the cortisol
dynamics. A recent study in critically ill patients showed
that circadian rhythm of cortisol secretion was only present
in 37% of these patients, and this fact was even more
pronounced in patients with brain injury [3].
Microdialysis techniques have recently allowed mea-
suring interstitial cortisol in critically ill patients [4, 5]. A
previous study in patients with diffuse TBI showed that

v
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brain interstitial cortisol presented a weak correlation with
total serum cortisol in half of TBI patients evaluated [5],
suggesting that serum cortisol may not reflect brain cortisol
availability in most TBI patients.

The aim of the present study was to describe for the first
time brain interstitial cortisol circadian pattern in patients

with TBL

Methods

The Ethics Committee of the Balearic Islands approved the
use of cerebral microdialysis for investigational purposes
on October 24th, 2007. In all cases, written informed
consent for inclusion in the study was obtained from the
patient’s closest relative. The study was performed at the
Intensive Care Unit (ICU) of Son Dureta University Hos-
pital (Palma de Mallorca, Spain). Serum and microdialysis
samples were obtained in conjunction with a separate study
investigating cytokines profile in patients with TBI
(Dr Pérez-Barcena, unpublished data).

Patients

We prospectively studied 10 patients with severe TBI
admitted to the ICU of our tertiary University Hospital.
Patients between 18 and 65 years of age with a TBI and a
diffuse lesion according to Marshall’s classification [6]
(classes II, 11, and TV), who required intracranial pressure
(ICP) and brain tissue oxygenation monitoring, were eli-
gible to participate in the study. Patients with coagulation
or platelet disorders were not included.

In all patients, ICP was monitored using an intra-
parenchymal Camino catheter (Integra Neurosciences,
Plainshoro, NI, USA). Brain tissue oxygenation was mea-
sured with a brain tissue oxygenation probe (Licox,
Neurosciences, Plainsboro, NI, USA). Both catheters were
inserted through a double-lumen bolt in conjunction in the
frontal region of the most radiologically affected hemi-
sphere in the cranial-computed tomography. General
management of all patients with severe TBI was stan-
dardized according to the Brain Trauma Foundation
Guidelines [7], and has been summarized elsewhere [3, 8];
briefly, sedation with midazolam and/or propofol and
analgesia with morphine by continuous infusion iv. Muscle
paralysis to achieve better ventilation or to improve control
of high ICP was induced with cisatracurium as required.
Norepinephrine (NE) was administered to maintain cere-
bral pressure perfusion (CPP) above 60 mmHg, when
necessary. Treatment of ICP included control of general

measures, mannitol, hypertonic saline, and moderate
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hyperventilation according to jugular bulb oxygen satura-
tion values. If' second level measures were required to
control high ICP, barbiturate coma, moderate hypothermia,
decompressive craniectomy, or placement of an external
lumbar drainage were used according to the criteria of the
ICU and neurosurgical team. No patient received steroids
because of brain injury or other conditions during the
study period. We documented the treatments received
by all patients to control ICP as well as the infectious
complications occurred. We evaluated the influence of
radiological Marshall’s classification [6] and outcome
according to Glasgow Outcome Scale (GOS) [9] in the
levels of cortisol.

Microdialysis Technigue

Microdialysis catheters (CMA 71, CMA Microdialysis AB,
Solna, Sweden) with a high-cut-off membrane of 100 kDa
molecular weight and a membrane length of 20 mm were
inserted by twist-drill craniotomy next to the double-lumen
bolt for ICP and brain tissue O,. Catheters were placed in a
non-injured subcortical frontal region and were perfused
with central nervous system perfusion fluid (NaCl
147 mM, KC1 2.7 mM, CaClz 1.2 mM, MgCl; 0.85 mM
without dextran) at 0.3 pl per minute. The vials were
changed every 8 h (08:00, 16:00, 24:00) to ensure enough
amount of sample for the analysis (between 80 and 140 ul).
Microdialysis and serum blood samples were collected at
the same time and stored at —80°C untl analyzed.
Microdialysis implementation was started within 24 h of
TBI in all cases. Subseqguent cranial-computed tomography
showed adequate placement of microdialysis catheters.
Since using the first sample retrieved after placement of the
microdialysis catheter might introduce bias due to tissue
damage by the surgical procedure, we excluded from the
analysis the first sample obtained in all patients.

Cortisol Analysis

Serum cortisol was analyzed using an immunochemio-
assay (Cortisol ACS:Centaur,
according to manufacturer’s instructions. In this method,
the cortisol sample—20 pl—competes with labelled corti-
sol with acridinium ester for binding with rabbit polyclonal

luminiscent Siemens™)

antibody anticortisol of the solid phase. To analyze cortisol
in microdialysis samples we used a modification of the
technique described earlier using 75 ul of microdialysate.
The method was calibrated with 13 different concentrations
ranging from 0.07 to 1.71 pg/dl of cortisol and adjusting
the results to an exponential curve using a specific program
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(Microcal Origin 6.0). The coefficient of variation of this Statistical Analysis

modified method was 9.1 and 8.6% for concentrations of

0.3 and 1.0 pg/dl, respectively (n = 10). The serum assay Variables are expressed in mean and standard deviation or
gave a coefficient of variaton of 5.7, 4.9, and 5.1% for  numbers and percentages as appropriate. To evaluate daily
concentrations of 3.3, 21.4, and 35.8 pg/dl. circadian differences between cortisol levels in serum and

Table 1 Mean cortisol values in microdialysis and serum samples, intracranial pressure, brain tissue Os and cercbral perfusion pressure
distributed by time of sampling

Brain interstitial Total serum Intracranial Brain tissue Cerebral perfusion
cortisol (pg/dl) cortisol (pg/dl) pressure (mmHg) Oy (mmHg) pressure (mmHg)

Patient 1

O8:00 0.69 £ 0.12 1443 £ 1.72 17.20 £ 5.63 3460 £ 240 70.20 + 5.13

16400 064 £ 0.08 1295 £+ 1.88 1517 £ 297 30,00 £ 398 66,33 £ 5.24

00:00 0.86 £ 0.12 11.98 + 2.14 1533 + 1.05 3450 +£ 299 7517 £ 7.16
Patient 2

O8:00 1.22 + 040 22.24 £ 460 2217 £ 261 2817 +£ 279 7033 £ 5.13

16:00 2224 068 2310 £ 5.15 2533 £ 466 2867 £ 5.53 T0.67 £+ 4.32

00:00 206 £ 0.66 20,65 £+ 3.82 20.86 £ 196 2529 + 288 68.29 £ 3.40
Patient 3

O8:00 1.25 + 027 2023 £1.72 14.40 + 2.54 20.80 + 3.88 7200 £+ 3.64

16:400) 1.03 £ 0.13 17.11 &+ 1.89 1417 £ 293 2450 £ 1.80 72.50 + 3.13

O0:00 0.89 £ 0.15 1932 &+ 1.56 1650 + 2.94 2783 £ 1.53 67.17 £ 2.20
Patient 4

O8:00 1.56 + 0.31 1595 + 1.98 15.00 £ 3.03 3125+ 603 7175 + 6.86

16:400) 113+ 0325 13.90 £+ 2.30 17.50 £+ 3.80 3150 + 328 73.00 £+ 3.03

00:00 1.02 £ 0.13 1512 &+ 3.64 1580 + 1.24 28.60 + 349 74.40 £+ 2.30
Patient 5

O8:00 040 £ 0.10 925 £3.03 16.67 + 1.36 1683 £ 1L.O8 7250 + 3.87

16:400) 0.56 £ 0.16 899 £+ 2.60 19.71 + 200 19.71 £ 2.39 74.86 + 2.82

00:00 053 £ 013 642 £+ 1.50 2043 £ 236 19.86 £ 1.59 80.29 £+ 4.71
Patient 6

O8:00 1.37 + 046 1495 + 346 1933 £ 2.76 2417 + 356 84.50 + 5.61

16:400) 0.86 £ (.16 1443 &£ 342 17.83 £3.23 2450 + 2.01 83,17 4+ 3.38

0000 1.11 + 044 14.62 + 329 1443 4+ 225 2543 4+ 404 86,00 4+ 6.49
Patient 7

0800 1.87 £ 097 17.08 4+ 380 2125 £ 314 19.25 &£ 555 5000 £ 4.38

16:400) 2424 132 1371 &£ 2.52 1850 + 2.63 21.25 + 3.64 59.50 £ 3.77

(000 1.37 £ 048 16,10 4+ 2.20 3675 £ 750 21.50 £ 175 52,33 £ 328
Patient 8

O8:00 096+ 0.12 1440 £ 2.66 1200 £ 1.61 1817 £ 1.17 8333 £ 631

16:400) 109 £+ 0.16 14.04 &+ 2.76 1286 + 145 1871 £ 147 84.43 £ 3.79

(000 144 £ 045 11.35 £ 2.08 1529 £1.71 20057 £ 249 87.43 £ 3.95
Patient 9

0800 1.55 £ 023 1953 £ 1.27 1133 £ 349 2540 £ 227 7250 £+ 4.64

16:400) 1324+ 127 18.90 + 3.39 BH3 £ 1.53 2440 + 256 77.67 £ 2.34

00:00 1.75 + 041 1673 + 1.63 18.14 + 2.70 2033 +£ 208 7343 £ 4.79
Patient 10

O8:00 061 £ 031 11.69 + 293 1267 £ 143 2733+ 3.12 89.17 £+ 5.48

16:400) 092 £+ 039 818 £ 213 1217 + 1.32 28.67 £ 3.70 84.00 £+ 2.70

00:00 055+ 026 10.06 + 248 1343 + 144 28.14 + 327 89.00 £+ 3.61
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microdialysis samples in the whole population and in every
patient we used the non-parametric Friedman’s two way
analysis of variance test. To evaluate the influence of
radiological classification and outcome in the cortisol
levels we used the Mann-Whitney Test. A P value less
than 0.05 was considered significant. Data were analyzed
using specific software: SPSS statistical package version
15.0 (SPSS Inc., Chicago).

Results

We studied 10 patients with TBI. Eight were male (80%).
Mean age was 29.8 £ 13.6 years. Median Glasgow Coma
Scale score after resuscitation was 5 (range 3-10). Five
patients (50%) presented a diffuse lesion type II, 4 patients
(40%) a diffuse lesion type 1T and 1 patient (10%) pre-
sented diffuse lesion type IV. Three patients died in the
ICU (GOS 1), 4 patients remained severely disabled (GOS
3) and 3 patients had moderate disability (GOS 4).

Mean total serum and brain interstitial cortisol levels,
mean ICP, mean brain tissue O,, and mean cerebral per-
fusion pressure in all patients are detailed in Table 1. Using
Friedman’s two way analysis of variance test for serum and
brain interstitial samples, we observed an absence of cir-
cadian variability in the whole sample for total serum
(P =0.26) and brain interstitial cortisol (P = 0.77), as
well as in intraindividual analysis. In addition, we found
that both serum and brain interstitial cortisol presented an
initial peak followed by a progressive decline. Brain
interstitial and total serum cortisol levels in the 5 days
within TBI are shown in Fig. 1 distributed by 8 h-frames.
To evaluate the potential influence of infections and
treatments used to control ICP in cortisol values, we
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Fig. 1 Mean values of wtal serum cortisol and brain interstitial
cortisol through days 1-5 after TBL. Cortisol values are expressed in
peddl. Sguares: total serum cortisol. Circles: brain interstitial cortisol
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describe the treatments received by each patient in Table 2.
Mean total serum and brain interstitial cortisol levels
according to Marshall classification and GOS are shown in
Fig. 2.

Discussion

Our study demonstrates that hypothalamic—pituitary—adre-
nal axis circadian rhythm seems to be disrupted in patients
with TBI, evaluated by brain interstitial and total serum
cortisol levels analysis.

Measuring interstitial cortisol constitutes a  novel
approach to the study of the hypothalamic—pituitary—adre-
nal axis, since it reflects the glucocorticoid pool available
to pass through the cell membrane and bind to the gluco-
corticoid receptor, a keypoint in the maintenance of
homeostasis [10]. Some groups have used microdialysis
technique in burnt [4] and TBI [5] patients in a preliminary
form, suggesting that total serum cortisol may not appro-
priately reflect the cortisol tissue availability [4, 5].

Our study evaluates for the first time the brain interstitial
cortisol pattern in patients with severe TBL Our results
showing an altered circadian rhythm both in brain inter-
stitial and serum samples are in agreement with previous
studies evaluating cortisol secretion profile in blood sam-
ples in patients with TBI. These studies used different
diagnostic criteria which influenced their results. Paul and
Lemmer [3] showed that circadian rhythm of cortisol was
present only in 37% of critically ill patients, being their
results more marked in patients with craniocerebral inju-
ries. Savaridas et al. [11] observed a diurnal variation of
cortisol in 8 out of 15 neurocritically ill patients with
subarachnoid hemorrhage or TBI. Cohan et al. [12]
observed that diurnal variation of cortisol was lost in
patients with TBI and extracerebral trauma, similarly as
Woolf et al. [13] had reported. The study by Schwarz et al.
[14] in patients with ischemic stroke determining cortisol
in the same time frames used in our study found no sig-
nificant differences in adrenocorticotropin hormone or
cortisol levels. Our results using total serum and brain
interstitial cortisol showed that diurnal variation was lost in
1009 of TBI patients.

Although in this study we found that both total serum
and brain interstitial cortisol circadian rhythm were dis-
turbed in a similar form, our previous study suggested that
serum and brain interstitial cortisol may not be correlated
in half of TBI patients, suggesting a possible dissociation
between serum and interstitial cortisol circadian patterns.
This fact raises the possibility that the disruption of the
blood—brain barrier (BBB), which has been observed in
experimental and human TBI [15], might influence the
detection of cortisol in these patients. However, it is well
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Table 2 Summary of infections occurred and treatments received to control intracranial pressure during cortisol evaluation

Infection Osmatic Barbiturate Maoderate Decompressive Lumbar
agents COMmEL hypothenmia craniectomy drainage
Patient 1 No Yes No Yes No No
Patient 2 No Yes Yes Yes No No
Patient 3 Yes Yes No No No No
Patient 4 Yes Yes Yes Yes No No
Patient 5 No Yes Yes Yes No No
Patient & No Yes No No No No
Patient 7 No Yes Yes Yes No No
Patient 8 No No No No No No
Patient 9 No Yes Yes Yes Yes No
Patient 10 No No No No No No
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known that in patients with TBI, cortisol crosses the BBB,
and consequence of its very low molecular weight
(363 Da), it is likely that its recovery rate through the
100 kDa microdialysis membrane catheter would be high.
We did not perform in vitro studies and the recovery rate
has not been determined. Therefore, such assumption
cannot be extracted from these preliminary results.

We observed that patients with worst radiological inju-
ries (Type ITT and IV in Marshall’s classification) presented
higher cortisol values compared with patients classified as
Type II. No relationship was found with GOS. This fact is
intriguing, and warrants further studies. However, we
would prefer to interpret this information with caution,
since the small number of patients studied implies that
spurious associations could not be avoided. Therefore, we

believe that our study is not designed to confirm this
association.

Our study presents some limitations: first, the number of
patients studied is rather small. Second, microdialysis
samples reflect mean cortisol in samples in an 8-h time
frame, not at a single time point. Third, since the bedside
CMA analyzer is not available in our centre, we cannot
correlate our results with conventional microdialysis mea-
surements, such as lactate, pyruvate, glucose, ete. Lastly,
for obvious concerns, reference brain interstitial levels in
healthy volunteers are lacking. Therefore, we believe that
these results should be considered with caution but con-
stitute a basis for the development of future studies.

In conclusion, we describe for the first time the brain
interstitial cortisol profile in patients with TBI. We found
that circadian cortisol rthythm is abolished in TBI, as shown
by microdialysis and serum determination. The study of the
cortisol circadian rhythm in TBI patients warrants further
analysis.
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Esta tesis doctoral resume nuestros estudios en la evaluacion del eje HHS en
el paciente critico. La enfermedad critica en cualquiera de sus manifestaciones,
representa un estrés de gran intensidad y persistente en el tiempo para los
pacientes. De un modo general, el tratamiento debe encaminarse al
reconocimiento del agente agresor y a la rapida restauracion de los
mecanismos fisiopatologicos afectados, con especial atencidn al sistema
cardiovascular (Messotten, 2008). En muchos casos, el fallo del sistema
cardiovascular estd mediado por la disfuncién del eje HHS, y es bien conocido
que el cortisol representa un papel fundamental en la respuesta de la
adaptacion al estrés (Annane, 1998; Marik, 2002; Cooper, 2003). El objetivo de
esta tesis ha sido caracterizar la respuesta del eje HHS en los pacientes
criticos, evaluar el impacto de la LDST y finalmente investigar el papel de la
microdialisis cerebral en el estudio del eje HHS y sus potenciales aplicaciones

futuras.

Desde el estudio de Annane y cols (Annane, 2002), el tratamiento con LDST se
implanté de modo generalizado en los pacientes sépticos y en los pacientes no
sépticos con hipotension arterial de causa no justificada en la mayoria de UCls
de nuestro entorno. En nuestros estudios incluyendo pacientes con shock
séptico, comprobamos que el tratamiento con LDST no supuso una mejoria en
términos de mortalidad ni una disminucién del tiempo de shock tras ajustar los
grupos por gravedad. Comprobamos ademas que la mortalidad se correlacioné
con la edad, puntuacion en la escala SOFA y con el recibir tratamiento
antibidtico empirico inadecuado, factores prondésticos habituales en los estudios

de pacientes en shock séptico (Vincent, 2006; Garnacho Montero, 2003).
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Ademas, comprobamos que las dosis de soporte vasoactivo con Noradrenalina
fueron las mismas tras 24 horas de haber recibido o no tratamiento con LDST,
independientemente de las cifras de cortisol basal y la respuesta al HDCST, y
observamos que ningun parametro bioquimico de funcion suprarrenal (cortisol
basal o tras estimulacién suprarrenal con HDCST) se asociaba a una mejor
respuesta hemodinamica a los corticoides. Estos resultados nos llevaron a
modificar nuestra practica habitual en este grupo de pacientes, de modo que,
en la actualidad, sélo tratamos con LDST los casos mas graves (aquellos que
precisan soporte con Noradrenalina a dosis superiores a 1 pg/kg/min) y
ademas, no seguimos de modo excluyente los resultados del HDCST. Deben
considerase también los potenciales efectos secundarios del tratamiento con
corticoides (Britt, 2006; Beale, 2010). Esta actitud ha sido refrendada por el
estudio CORTICUS (Sprung, 2008), publicado unos meses mas tarde que
nuestro primer trabajo (Raurich, 2007) y que mostrd, en pacientes menos
graves que el estudio de Annane et al (Annane, 2002), que el tratamiento con
LDST no aportaba beneficios en términos de mortalidad y que los pacientes
tratados con LDST presentaban una mayor incidencia de hiperglucemia,
hipernatremia y nuevos episodios de shock séptico. Posteriormente, las
recomendaciones actualizadas de la Surviving Sepsis Campaign (Dellinger,

2008) recomendaron también un uso mas restrictivo de la LDST.

El siguiente paso en nuestra investigacién, y que supuso un mayor grado de
dificultad, fue el estudio del eje HHS en el paciente con TCE, puesto que debe
considerarse la especial anatomia y vascularizacion del area hipotalamo-

hipofisaria, que puede haberse visto dafnada de modo directo o indirecto. No
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existe ningun estudio prospectivo que demuestre un beneficio de la LDST en
este grupo de pacientes, por lo que pensamos que primero debia
caracterizarse la disfuncion del eje HHS, los factores de riesgo asociados y la
relacion con el prondstico.

Los principales resultados de nuestro estudio, que incluyé 165 pacientes con
TCE, mostraron una incidencia de disfuncion del eje HHS del 23.6% (39/165
pacientes), que no se vio marcadamente influenciada por la existencia de
traumatismo extracraneal. Empleamos como criterios diagnésticos de
insuficiencia suprarrenal la existencia de un cortisol basal < 5 pg/dL o una
respuesta a la estimulacion glandular mediante HDCST < 9 ug/dL. La
incidencia observada es acorde con la documentada previamente empleando
definiciones similares (Bernard, 2006). Por otra parte, la ausencia de
diferencias marcadas entre los pacientes con y sin traumatismo extracraneal
asociado ya fue documentada en una muestra mucho mas reducida de
pacientes (Chiolero, 1988). Sin embargo debe resefiarse un matiz. Los
pacientes con TCE puro cumplieron el criterio diagnodstico determinado por un
cortisol basal < 5 ug/dl y todos ellos presentaron una buena respuesta al
HDCST, mientras que los pacientes con traumatismo extracraneal cumplieron
criterios de ISR fundamentalmente por una mala respuesta a la HDCST.

No se hall6 relacion entre ISR y el prondstico, siendo los factores de riesgo
asociados una baja estimulacion hipofisaria (ACTH < 9 pg/mL) y la existencia
de shock hemorragico. Estos datos abren un debate interesante puesto que en
nuestro anterior estudio incluido en esta tesis, que incluyé 50 pacientes con
TCE puro que recibieron un manejo clinico homogéneo, aquellos que

presentaron niveles de ACTH plasmatica < 9 pg/mL durante las primeras 48
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horas de ingreso en UCI, presentaron una menor mortalidad (Odds ratio 22.37).
Solo un 7% de los pacientes con ACTH < 9 pg/mL fallecieron y ademas lo
hicieron por causas extracraneales, mientras que la mortalidad entre los
pacientes con ACTH > 9 pg/mL alcanzé el 55%, la mayoria de ellos debido a
hipertension intracraneal refractaria. Otros autores (Barton, 1987; Koiv, 1997),
en la linea de este resultado, mostraron que los pacientes con sobreactivacion
del eje HHS en la fase precoz postraumatica presentaban una mayor
mortalidad. Por otra parte, la relacién entre el shock hemorragico y la existencia
de ISR en el paciente traumatico ha sido previamente sugerida, y estd mediada
fundamentalmente por fendmenos de isquemia y necrosis glandular (Hoen,
2002; Rushing, 2006). Los factores asociados con un aumento de la mortalidad
en nuestros estudios fueron una puntuacién mas elevada en los diferentes
indices de gravedad empleados, la necesidad de utilizar medidas de segundo
nivel para el tratamiento de la hipertension intracraneal y la existencia de
niveles de ACTH plasmatica > 9 pg/mL. No hallamos relacion con la presencia
de ISR.

Evaluamos ademas la influencia de los distintos sedantes empleados sobre el
desarrollo de ISR. Contrariamente a los hallazgos de otros autores, no
hallamos relacion entre el uso de dosis menores de propofol, midazolam,
morfina, remifentanilo, cisatracurio y haloperidol con el desarrollo de ISR en los
pacientes con TCE. Otros estudios hallaron relacion con el uso de dosis muy
elevadas de propofol (Cohan, 2005), barbituricos (Cohan, 2005; Llompart-Pou,
2007, Anexo 1) y etomidato (Vinclair, 2008), pero en nuestro estudio los
pacientes que habian recibido etomidato o coma barbiturico fueron excluidos.

Con estos resultados, consideramos no indicado evaluar el tratamiento con
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LDST como respuesta al estrés en pacientes con TCE e inestabilidad
hemodinamica, como era nuestra intencion inicial. Sélo en aquellos subgrupos
de pacientes tratados con coma barbiturico o con la presencia de shock
hemorragico intercurrente podria valorarse el tratamiento con LDST en la fase

aguda del TCE.

Llegados a este punto, en el que nuestros estudios clinicos mostraron
resultados que no apoyan el uso de LDST en pacientes sépticos ni traumaticos,
decidimos volver atras y tratar de analizar los mecanismos implicados en la
respuesta del eje HHS ante una situacion de estrés. Empleando técnicas de
microdialisis cerebral, que permiten la obtencién de muestras de microdializado
en el intersticio cerebral, fuimos el primer grupo en determinar las
concentraciones de cortisol en dicho espacio y su patrén temporal en pacientes
con TCE. Volviendo a la figura 2, vemos como el cortisol en el intersticio refleja
el pool disponible para la célula, fundamental en el mantenimiento de la
homeostasis y la respuesta al estrés (Cohen, 2009). En unas muestras
reducidas (n=6 y n=10), observamos que en la mitad de pacientes con TCE el
cortisol sérico total no refleja adecuadamente el cortisol intersticial cerebral, y
que el ritmo circadiano de la secrecidon de cortisol se encuentra abolido tanto en
suero como en el intersticio cerebral. Otros autores mostraron que la secrecién
de cortisol en diferentes poblaciones de pacientes neurocriticos no mostraba un
patrén normal en suero (Woolf, 1990; Schwarz, 2003, Savaridas, 2004; Cohan,
2005; Paul, 2007). Nuestros resultados abren un nuevo campo de estudio en la
evaluacion del eje HHS en el paciente con TCE. Aunque es evidente que

nuestros estudios con microdialisis cerebral no tienen aplicacion clinica

87



inmediata, pensamos que abren una nueva via de investigacion a este nivel y
que permitira la creacion de nuevas hipotesis de trabajo en el futuro. Resulta
atractivo pensar en que diferentes tratamientos o sedantes empleados puedan
modificar la disponibilidad de cortisol a nivel del intersticio cerebral y con ello
influir en la respuesta inflamatoria local. El conocer y poder modular la
respuesta inflamatoria local podria ayudar a entender los mecanismos
fisiopatolégicos implicados en el desarrollo del edema cerebral postraumatico.
Ademas, debe investigarse el papel potencial de las cifras de cortisol cerebral
como factor prondstico, junto a otros marcadores de estrés metabdlico
habitualmente empleados en los estudios con microdialisis, como la glucosa, el
lactato, la relacion lactato/piruvato y el glicerol (Bellander, 2004). El estudio de
las cifras de cortisol cerebral podria responder el por qué los pacientes con
TCE y ACTH plasmatica disminuida al ingreso en nuestro anterior estudio
(Llompart-Pou, 2007) presentaron un mejor prondéstico. Sin embargo, el limitado
numero de pacientes estudiados, el carecer de valores de normalidad en
poblacion sana y el no haber realizado estudios in vitro previos, hacen que

consideremos esta linea de investigacion como preliminar.

En resumen, esta tesis no apoya el llamado tratamiento sustitutivo suprarrenal
con LDST en los pacientes criticos, salvo en situaciones especiales. La
introduccion de las técnicas de microdialisis a nivel cerebral para el estudio de
la respuesta del eje HHS ante el estrés, empleadas por vez primera en este
trabajo, abre una nueva linea de investigacion en el estudio de la disponibilidad

de cortisol a nivel tisular.
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6. Conclusiones
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Las conclusiones de este trabajo son las siguientes:

-En nuestra poblacion no seleccionada de pacientes en shock séptico, el
tratamiento con dosis bajas de corticoides no se asocié a una mejoria de la
mortalidad, a una disminucién del tiempo de shock ni tampoco a una
disminucion de los requerimientos de soporte vasoactivo a las 24 horas del
tratamiento, independientemente de las cifras de cortisol basal y de la

respuesta a la estimulacion glandular con HDCST.

-Los pacientes con TCE con una menor activacion del eje HHS definido por
unos niveles disminuidos de ACTH plasmatica (< 9 pg/mL) al ingreso en la UCI
presentan una mortalidad menor. La incidencia de disfuncion suprarrenal en el
TCE es del 23%, sin hallarse relacion con el resultado final de estos pacientes,

ni con la existencia de traumatismo extracraneal o los sedantes utilizados.

-La microdialisis cerebral constituye un método novedoso empleado por
primera vez en el estudio de las cifras de cortisol en el intersticio cerebral. Su
analisis muestra que el cortisol sérico total puede no representar la
disponibilidad cerebral de cortisol en la mitad de los pacientes con TCE y que el
ritmo circadiano del cortisol se encuentra abolido en todos los pacientes con
TCE tanto a nivel sérico como en el intersticio cerebral. Estos resultados

podrian tener impacto futuro en el estudio del edema cerebral postraumatico.
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ABSTRACT. Introduction: Barbiturate coma isthe  was similar in both groups. Once barbiturate co-
second tier measure recommended by guidelines ma was induced, patients in group A treated with
to treat post-traumatic refractory intracranial barbiturate coma presented a higher incidence of
pressure. Systemic hypotension is its most impor- adrenal insufficiency compared with the control
tant side effect. Recent evidence suggests that group B (53% vs 22%, p=0.03). Patients treated
low-dose corticosteroid therapy may be used in with barbiturates, who developed adrenal impair-
a subset of patients with traumatic brain injury ment, required higher doses 6f nhorepinephrine
{TBI) to avoid hypotension. We evaluated adrenal to maintain cerebral perfusion pressure than pa-
function in TBI patients undergoing barbiturate tients treated with barbiturates without adrenal
coma, as treatment of their refractory intracranial impairment {1:07+1.04 pg/kg/min vs 0.3120.32
hypertension. Materials and methods: We pro- po/kg/min, p=0.03). Conclusions: Patients with
spectively studied 40 patients with moderate to. - fTBI treated with barbiturate coma are at higher
severe TBIL. Group A (17 patients) were tr ated i risk of developing adrenal insufficiency. This sub-
with barbiturate coma. Group B (23 patients) pre- set of patients presented higher requirements of
sented intracranial hypertension controlled with vasoactive support to avoid hypotension. In these
first tier measures;.and acted as a control. Adre- patients corticosteroid therapy may have poten-
nal function was evaluated by using the high-dose tial therapeutic implications to treat hemodynam-
corticotropin stimulation test within 24 h after icinstability.

brain injury and after barbiturate coma induction.  (J. Endocrinol. Invest. 30: 393-398, 2007}
Results: Within 24 h after TBI, adrenal function  ©2007, Editrice Kurtis

INTRODUCTION a scientific topic of major interest. Consensus Guide-
Barbiturate coma is the recommended therapy to lines on screening of pituitary disturbances to reduce
contral refractory intracranial hypertension (ICH) in long-term sequellae after TBT have been published
patients with traumatic brain injury (TB1). The Brain recently (7). Although there is some controversy in the
Trauma Foundation Guidelines support its use in this literature, several recent reports have found a signifi-
situation, with an evidence level class |1 (1}, Its use to cant relationship between HPA response in the early

control post-traumatic refractory ICH ranges from 13 phase after TBl and outcome (8, 9). The HPA response

0 56% (2-5) A high incidence of neurcendocrine dis- appears to be impaired when barbiturates are used

turbancesin patients with TBl has been recently dem-  {8), a circumstance also described in recent animal

onstrated (8), and the study of the hypothalamic-pi- studies, which suggest that the suppression of HPA

tuitary-adrenal (HPA) axis in TB| patients has become axis oceurs if high deoses of barbiturates are adminis-
tered {10). The aim of our work was to prospectively
study the effect of barbiturate coma on HPA axis re-
sponse, in TBI patients with refractory ICH

Key-wargs: Traumatic brain injury barbiturate coma adrenal insufficiancy

hypatension comicosteraids

Corraspondence: LA Uompart Pou, MD, Senvicio da Medicina intensiva MATERIALS AND METHODS

Hespital Univarsitario Sen Dureta, Palma de Mallorez . Spain Patients andmanagement

E-mail jallompart@hsd es We prospectively studied 40 patients with mederate to severg TBI

Actepted November 23 2008 admitted to the intensive Care Unit (ICL]) of a third level Univer-
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sity Hospital (Hospital Universitario Son Dursta), from September
2003 to March 2005 Seventaen patients developed ICH refrac-
tory to first tier maasures and were treated with barbiturate coma
(group A} As a centrol group, we studied 23 patients with moder
ate 10 severe TBI admitted in the ICU who develaped ICH con-
tralled with first tier measures {group B) The Hospitai Ressarch
and Ethics Committee gave its approval and informad consent
was obtained from closest relatives Fxclusion cnterz were age
lower than 16 yr. pregnancy patients who had developed septic
shock and previous use of drugs known to affect cortisal secrstion
(etomidate, steroids)

Fatients were managed according to 2 standardized TBI proto-
col used in our ICU to contral intracranial pressure (|CF) as previ-
ously deseribed (9) All patients ware sedated with midazelam
andor propofel by santinusus iv infusion and analgesia was ac-
complished with morphing. All patients wers intubated and me-
chanically ventilated. In order to achieve bettar ventilation er to
improve control of high ICF, muscie paraiysis with cisatracurium
was induced as required. Norepinephrine (NE) was administered
to maintain cerebral pressure perfusion (CPP) above 40 mmHg,
when necessary Treatment of ICP included contral of general
measures, mannitel, hypertonic saline and moderate hyperven-
tilatien 2ccording to jugular bulb oxygen seturation values When
ICP became refractory with first tier measures. barbiturate coma
with thispental or pentobarbital was induced according to 2 pre-
viously published pretocol{5) Daily electroencephalogram [EEG)

was performed and burst suppression patiem was the objective,

as previously defined (5}

[CPwas considered refractory if the following criteria wers presem i

in the absence of external manceuvres (2 5):
ICP between 20-29 mmbg for 30min. or
2) ICP belweean 30-39 rangfor 15 min, ar
3}ICP higher than 40.mmiHg for at least 1'min
ICP was measured by an intraparenchymal probe (Camina®, in-
tegra;| Neu!'_qs__c_:_lences Plainshore NJ. USA) zerced at Monroe's
forarnen Severity ofinjury at admission was evaluated according
10 the Glasgow coma scale (GCS) score after resuscitation (11) and
the Injury severity score {1551 (12) The degrae of head injury was
graded radiclogically by ICU admission eranial computed tomog-
raphy (CCT} scan according to Marshalls classification (13}

Samples and analysis

Allpatients included in this study wers initially assasseel for adre-
nal insufficiency within 24 h after the krain injury between 08:00
and 10:00h After baseline samples were drawn, a high-dose cor
ticotrophin stimulation test (HDCST) was performed by injecting
250 ug of eorticatrophin iv. Blood samples were collected 2t 30
and &0 min after the corticotrophin injection . Te fadilitate a bet-
ter understanding we considered this test an * early study” After
barbiturate coma was induced and s EEG-burst suppression pat-
ternwas obtained (24-36 h after initiating barbiturate therapy). we
performed a second HDCST Wa established days 5-4 afterinjury
as adequate time to perform the second HDCST in the control
group as in our experfence most patients need barbiturate thera-
Py to cantrol |CP after several days of TBI All patients in this con-
trof group remained sedated and mechanically ventilated at that
time This second HDCST was considered as the “late study’

All sarmiples were obtained through an arterial line The diagnosis
of relative adrenal gland insufficiency was established when the
highest cortisol response at 30 or 60 min after HDTST was less

© (SPSS5)version 11 0 [SPS5 e, C
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RESULTS
“We studied 40 patients with moderate to severs TBI

Barbiturate coma ancd adrenal response

than 9 pg/dl (8). Basaling cortisol less than 4 po/dl was considered
indicative of absolute adrenal insufficiercy in agreement with pre-
viaus reports which considered severe adrenal nsufficiency when
baseline cortizsol levels were fess than 4 pg/d! (14) or 5 pg/dl (8)

Analysis

Whole blood was collectad into EDTA crystal tubes with apratinin .
to measure ACTH and into erystal tubes without anticeagulant
to measure cortisel. Samples were immediately cantrifuged and
kept cool until measurement If ACTH analysis was not done the
same day samples were stored at—80 C

Plasma ACTH and serum cortisol wers measured using an im-
munechemiluminescent assay: ACTH (immulite 2000, OPC Los
Angeles, USA). Normal values: 9-52 pg/mi The detection limit of
the assay was 5 pg/ml Cortisol (Advia Centaour, Bayer. NY, USA)
Mermal values for nor-stressed individuals: 4 30-24 40 pg/dl

Statistical analysis

Gatz were exprassad as mean and 50 or median and interguar-
tiles 25t -75% as sppropriate. Continuous data were compared
ugsing Mann-Whitney U Test Fishers exact tast was used to com-
para categorical data Ap—valua <0 05 was considerad significant
Data were analyzed using Statistical Package far Social Seiences

el

SIS

They were dlassified according to the Marshall scale
as follows: O patients had a diffuse lesion type |, 16
patients had a diffuse lesion I, 7 patients had a dif-
fuse lesion lll, 1 patient had a diffuse lesion IV, 12
underwent craniotomy to evacuate a focal mass, and
4 patients had a non-evacuated mass >25 ml. We
found ne differences in both groups regarding radio-
logical features. Groups A and B were also compara-
blein age, sex, GCS and 155 (Table 1).
In the early phase, both groups presented similar
lasma ACTH and baseline levels, as well as stimu-
ated cortisol at 24 h after TBI {Table 2) In the late
study, baseline and stimulated cortisol values were
lower in group A than in control group B, reaching
statistical significance (Table 2).
Patients in group Ahad a higher incidence of adrenal
insufficiency than patients in group B (53% vs 22%,
p=005), made up of a higher incidence of absolute
adrenal insufficiency (18% vs 0%, p=0 03} and a trend
toa higherincidence of relative adrenal insufficiency
in the late study (41% vs 22%, p=0 30) (Table 3) It
must be underlined that 94% of patients (16 out of
17} in group A received NE to maintain normal val-
ues of blood pressure levels and CPP, compared with
39% (2 out of 23} in group B (p<0 001) {Taga
When we analyzed the 17 patients in group A we
found no association with mortality evaluated at
ICU discharge, in patients who developed adrenal
insufficiency and patients who did not (55% vs 50%,
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Table 1 - Clinical characteristics of groups treated with or without barbiturates Data are shown as median and interquartifes 25% -75m

1 Endoerinal Irmvest, 30: 393-398, 2007
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unfess noted.
Group A {barbiturates) Group B (control) p
No =17 Mo =23
Age lyr) 35{22-52) 27(19-52) a50
Sax (maleflemale) n 1641 20/3 062
GCs 7{310) 7 (5-8) 074
155 25{18-33) 2000720 022
Day of study 5 (&) 61{5-6) 03z
Maortality, n (%) 9 {53%) 1 (4%} 0001

GC5: Glasgow corma scale; 155: injury saverity score; Day of study: day after traumatic beain injury

Table 2 - Plasma ACTH and baseline and stimulated cortisol values in both groups. Results ara shown In meanSD. Early. studies per-
formed within 24 h after traumatic brain injury. Late: studies performed when patients underwent barbiturate coma (group Al or control

determination (group B),
Group A [barbiturates) Group B (control)
Mo =17 Neo =23
ACTH {pg/ml) ) -
early 2332283 21555007
late 132294 AR 049

Baseline cortisol (ug/d)

aarly i
late AB0£9 8
. 145288

Cortisol 30 min (pg/dl

early : 279x7 6

. late 24990

Cartizol 80 min {ig/d)

early 30664

late 25730

151294 039
206273 002
279288 0.80
348102 004
31391 094
3762101 oo

p=082) However, the presence of adrenal impair-
ment in group A was correlated with a higher require-
ment of NE doses (1.07x1 04 pg/kg/min vs0.3120 .32
pg/kg/min, p=0 03) to maintain CPP at pre-deter-

mined levels, We also compared the incidence of
adrenal insufficiency in patients treated with thiopen-
tal (no =10) and pentobarbital {no.=7). A trend to a
higher incidence of adrenal insufficiency was found

Table 3 - Number (%) of patients in both groups presenting adrenal impairment Carly: studies performed within 24 h after traumnatic brain
injury. Late: vaiues when patients underwent barbiturate coma (group A} or controf determination (group B),

Group A Group B o
no =17 no =23

Absolute adranal insuffidency early no (%) 0(0%) 2 (9%) 050
late. ne. (36 3(18%} 010%) 003
Relative adrenal insufficiency early, no (3¢) 4(23%) £{17%) 470
late no. (%) 7 (#1%) 5{22%) 030

Global adrenal insufficiency early no (%} 4(23%) & (26%) 1.0
late ne (56) 9 (53%) 5 (22%) 0cs
Morepinephrine late, no (%) 16 (94%) 9 (39%) 000
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in patients treated with pentobarbital than In those
treated with thiopental (71% vs 40%, p=0.20).

The main results of the study are summarized in
Table 4

DISCUSSION

The results of our study suggest that patients with
TBlwho present refractory ICH treated with barbitu-
rate coma are at an increased risk of developing ad-
renal impairment.
The possibility of developing hypopituitarism after
TBI constitutes an increasingly recognized pathol-
ogy (15, 16) Consensus guidelinas on screening of
these endocrine abnormalities in mid-and long-term
post-TB| have been recently published (7, 14). How-
ever, the study of these patients in the acute phase
remains controversial. The association between HPA
axis response and outcome after TBI has been re-
cently studied with contradictory findings (6, 8,9, 14).
A good understanding of the hormonal changes oc-
curring after TBI is challenging, because of the com-
lexity of its different components and its modulation

y different hormaones and cytokines (15, 17). in addi-
tion, several tests and criteria have been used in these,

reports (8, 9, 15, 18) A recent study proposss the
40 min response ‘after HDCST as the best method o
evaluate adrenal gland function in acute TBI patients.
This study reviews the variable incidence of adrenal
insufficiency that can be detectad, depending on the
different: dlagnostlc criteria usad {19)

Barbituratas have a well-known neuroprotector ef-
fect accomphshed through different mechanisms.
The most significant may be related to coupling of
cerebral blood flow 1o regional metabolic demands,
with subsequent beneficial effects on ICP and global
cerebral perfusion (1, 2, 5, 20) Near maximal reduc-
tions in cerebral metabolism and cerebral blood flow
occur when EEG burst suppression is induced (1)
Studies concerning influence of barbiturates in ad-
renal axis in humans are limited. Recently, therapy
with barbiturates has been suggested to play a role

Barbiturate coma and adrenal response

in post-traumatic adrenal insufficiency (8}. In a study
which evaluated adranocortical function in critically
ill patients 24 h after a single dose of thiopental, the
incidence of adrenocortical insufficiency evaluated
by cortisol increment after HDCST was 29% (21). This
suppressive effect has been suggested to be more
likely to occur when high doses of barbiturates are
used in animal modgls (10). A previous siudy in dogs
anesthetized with thiopental showead that cortisol
responsa to ACTH was significantly decreased when
compared to control animals (22) Barbiturates have
been suggested to affect adrenal response by medi-
ating two different mechanisms:
- increasing corticosteroid metabolism inducing liver
P450 cytochrome enzyme system (23, 24) and
- inhibiting steroidegenesis by interacting with the
neurotransmitter y-aminobutyric amd (GABA) re-
ceptor (25)
In our study, we found that a significant percentage
of the patients studied. undler barbiturate therapy
presented adrenal insufficiency: The need to use NE
to maintain CPP over 60 mmHg was higher in the
group of patients treated with barbiturates than in

_thecontrol group, as could be expected The most

“important finding in those patients treated with bar-

i+, biturates who deve!oped adrenal impairment was

their higher requiréments of NE therapy, comparad
to those patients treated with barbiturates, who pre-
sented a normal adrenal response

These findings raise an important question A well-
known and most frequent side effect of barbiturate
coma therapy is systemic hypotension (1, 2, 5, 20)
The incidence of hypotension when barbiturate co-
ma was used was higher than 60%, depending on
the definition used (2, 5). Hypatension is one of the
main causes of secondary insults and the worst out-
come in patients with TBI (26) Hypotension is also
one of the main clinical features of adrenal failure;
treatment with low doses of steroids has been as-
sociated with an important improvement in hemao-
dynamic status and decreased mortality in patients
with septic shock [27) Barbiturate-induced hypo-

Table 4- Main resufts of the study, summmarizing the incidence of adrenal insufficiency in patients treated or not with bartiturates and the
vasopressor requirements in barbiturate-treated patients presenting with or without adrenal insufficiency.

Adrena! insufficiency

Barbiturate group
53%

Cormirol group
22%

Vagopressor requiraments in barbiturate group

With adrenal insufficiency
10721.04 ugtkg/min

Without adrenal insufficiency
0 3120 .32 ug/lg/min
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tension is mediated by a reduction of perigheral
resistances and cardiac index (19}, Corticosteroids
are known to enhance myocardial contractility and
vascular smoath tone, in response to adrenergic
stimuli, by increasing adrenoreceptor sensitivity to
catecholamines (28).

Several authors have previously supported a possi-
ble role of low-dose corticosteroid therapy in TEI pa-
tients (8, 19) The subsets of TBI patients who would
benefit from steroid therapy in the early phase has
yet to be determined (19) Considering the higher
incidence of systemic hypotension in TBI patients
treated with barbiturate coma (2, 5), we postulate
that TB| patients undergoing barbiturate therapy
would benefit from low-dose corticosteroid therapy
to avoid barbiturate-asseciated hemodynamicinsta-
bility. This therapy may result in a decrease in sec-
ondary ischemic insults

The use of low-dase steroids could be extrapolated
to other subsets of TBI patients. However, it must be

considered that a multicenter randomized trial eval-.

uating the effects of high-dose methylprednisclo-
ne in TE| patients demonstrated a higher mortality
and disability in patients treated with methylpred
nisolone compared with placebo {(29) However,t
cdoses and the anti-inflammatary effects of methy
orednisolone and low- dose hydrocomsone ard nat
comparable

We must acknowledge the llrn rlat;ons of this study
First, this is a small sample size of TBI patients who
undementtherapeutlc barbiturate coma . In addition,
cult tofind an adequate TBI population of
control cases because ICH was refractory and had to
be actively treated We decided to compare patients
with refractory ICH treated with barbiturates with pa-
tients with ICH controlled with first tier measures, so
we cannot definitively exclude a patential role of the
worsening of the ICH itself, in the adrenal response
impairment However patients in both groups were
initially comparable in several well-known prognosis
factors, such asage, GCSscore and 1SS

Secendly, we did not measure corticosteroid binding
globulin levels, which are known to decrease during
the acute phase of brain injury (30), and the calculat-
ed free cortisol index could not be obtained and cor-
related with total serum cortisol However, the use of
calculated free cortisol is a standard measurement
in daily clinical practice (8) sinca the measurement
of corticosteroid binding globulin is not available in
many laboratories

Thirdly, we performed a single HDCST within 24 h
of TBI and after initiating barbiturate coma. Other
authors have performed serial determinations of
baseline cortisol to evaluate adrenacortical function
{8) and also adrenal reserve has been studied by low-
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dose corticotropin stimulation test, which appears to
be more sensitive in non-critically ill patients {6, 31).
However, its use when evaluating critically il patients
has been recently criticized (32) because the low-
dose test induces supramaximal stimulation of the
adrenal glands for only 30 min and may not appro-
priately evaluate the capacity of the adrenal glands
to maintain maximal cortisol praduction in response
1o a major ongoing stress, asshown in arecent study
including TBI patients {16}

In conclusion, TBI patients who develop refractory
ICH treated with barbiturate coma risk developing
adrenal insufficiency and associated hemodynamic
instability. The use ofa low-dose steroid therapy may
have potentially important therapeutic implications
in the treatment of hemoedynamic status in these pa-
tients. Ongoing studies wilt help ta further elucidate
this question
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