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La palabra shock es traducida en castellano por choque, y proviene del francés choc,
término usado por primera vez por el cirujano francés Henry F. Le Dran en 1743 para
describir las secuelas clinicas que padecian los heridos por arma de fuego. El término fue
traducido al inglés por el fisidlogo Clarke. En 1895, John C. Warren, profesor de cirugia
en Harvard, lo describié como “una pausa momentanea en el acto de la muerte” y que se
presentaba de forma caracteristica con un “sudor frio y humedo” y “un pulso radial débil y
filiforme”.

Pero es a principios del s. XX cuando el término se utiliza como sindnimo de hipotension
arterial sistémica debida a hemorragias o traumatismos [1]. En 1910 Henry H. Dale y P.P
Laidlaw demostraron experimentalmente que la histamina producia un colapso
circulatorio. Durante la | Guerra Mundial se produjeron algunos de los avances mas
importantes en el tratamiento del shock hipovolémico secundario a traumatismos
(concepto de Golden hour), y demostraron que los soldados reanimados dentro de la
primera hora tuvieron una mortalidad del 10%, mientras que en aquéllos tratados en las
primeras 8 horas la mortalidad llegaba hasta el 75% [2]. La guerra de Corea supuso una
mejora de las condiciones de tratamiento y estudio, asi como una aplicacion de los
conocimientos en la practica civi. Se instalaron unidades muy cualificadas vy
especializadas que, luego, se implantarian en diferentes hospitales civiles. En la guerra
de Vietnam, hubo interés por una “nueva” enfermedad, el pulmén de shock, atribuido, en
parte, a las maniobras agresivas de reanimacion [3].

En 1973 Nicholas L. Tilney describe una nueva entidad, el Sindrome de Disfuncion
Multiorganica (SDMO), como un cuadro clinico que presentaron pacientes con ruptura de
aneurisma de la aorta abdominal con complicacién postquirurgica. Estos casos
desarrollaron de manera secuencial disfuncién organica que los llevo a la muerte. Esta
manifestacion de fallos organicos fue definida como ‘“insuficiencia secuencial de
sistemas” [4]. Por tanto, el término shock ha variado y evolucionado en su definicion a lo

largo de los siglos.

2.1 CONCEPTO:

El shock circulatorio es una emergencia comun caracterizada por una disminucién de la
perfusion tisular y frecuentemente acompafada de hipotension. Existe el error conceptual
de que la hipotension es necesaria para definir el shock aunque las recomendaciones de
consenso internacionales y la evidencia soportan lo contrario [5]. El shock puede ser
definido como una circunstancia potencialmente mortal en la cual existe una mala
distribucién generalizada del flujo sanguineo produciendo como resultante un fallo en el

transporte o en la utilizacion adecuada de oxigeno por los tejidos y que conduce a la
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disoxia tisular. El transporte de oxigeno inadecuado generalmente se produce por una
pobre perfusion tisular, pero puede ser causado ocasionalmente por un incremento en las
demandas metabdlicas [6]. Si el ciclo del shock no se soluciona conducira de forma

irreversible a la lesion y muerte celular.

El shock se podria definir globalmente como una situacion de colapso circulatorio con
intensa disminucion de la perfusion tisular, que provoca un descenso de la liberacion de
oxigeno a los tejidos que, aunque inicialmente reversible, si se prolonga la hipoxia tisular
generalizada deriva a un deterioro multiorganico [7]. Independientemente de la causa que
produzca el shock, el tratamiento incluye la resucitacion inicial con expansion de
volumen, vasopresores y terapia adicional para la disfuncidon multiorganica, mientras se

intenta corregir de forma concomitante la causa subyacente [8].

Este deterioro, llamado Sindrome de Disfuncion Multiorganica (SDMO) es la presencia de
una alteracion en la funcién de los 6érganos en un paciente critico en la que el organismo

es incapaz de mantener la homeostasis.

Aunque los resultados finales del shock son un inadecuado aporte de oxigeno y fallo
organico, hay una gran variedad de estados fisiopatoldgicos que provocan esta situacion,
ya que el origen del shock puede ser hipovolémico, anafilactico, séptico, neurogénico o

cardiogénico [7].

2.2 TRANSPORTE Y UTILIZACION DE OXIiGENO:

El objetivo primario del sistema cardio-respiratorio es transportar suficiente oxigeno a los
tejidos para cubrir sus requerimientos metabdlicos. La adecuacion de la oxigenacion
tisular esta determinada por el balance entre el transporte de oxigeno a los tejidos (DO5)
y la utilizacion de este por los mismos (VO;). A partir de la definicion de shock podriamos
deducir que lo que existe es un disbalance entre el aporte de oxigeno y el consumo, ya
que este aporte es insuficiente para las demandas [9].

Los determinantes del aporte de oxigeno son los siguientes:

DO, =GC x Ca0O,x 10

Donde GC es gasto cardiaco y CaO; el contenido arterial de oxigeno.
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El GC dependera del volumen de eyeccion (precarga, postcarga y contractilidad) y de la
frecuencia cardiaca (GC = VTD — VTS) x Fc. VTD (volumen telediastélico), VTS (volumen

telesistolico), Fc (frecuencia cardiaca).

El CaO, dependera a su vez de la concentracion de hemoglobina (Hb), la saturacion de
oxigeno en sangre arterial (SaO,)y la presion arterial de oxigeno (PaO;). CaO, = [(SaO,
x 1,39 x Hb) + (0,0031 x PaO,)], donde 1,39 representa el grado de saturacion de
oxigeno de la hemoglobina, rango descrito en la literatura entre 1,34 y 1,39, y 0,0031

representa la cantidad de oxigeno diluido en el plasma por cada mm Hg de PaO..

Para determinar si el aporte de oxigeno es adecuado para satisfacer las necesidades

tisulares se mide el consumo.

VO, = GC x (Ca0; — CvO,) x 10

Donde CvO; es el contenido venoso mixto de oxigeno, es decir, CvO, = [(SvO; x 1,39 x
Hb) + (0,0031 x PvO,)]. SvO; es la saturacion venosa mixta de oxigeno y PvO; la presion

venosa de oxigeno.

Otro parametro util para la evaluacion de la adecuacién entre el aporte y la demanda de
Oxigeno es la Extraccion de Oxigeno O2ER que se define segun la siguiente ecuacion:

Extraccion de Oxigeno (O,ER)= VO,/DO, x100 = 250 ml/min/1.000 ml /min x 100=25%
El aporte de oxigeno depende por lo tanto de tres determinantes: el gasto cardiaco, la
saturacion arterial de oxigeno y la hemoglobina en sangre. Actuando sobre estos
determinantes podremos restablecer el balance entre el aporte y el consumo de oxigeno

a nivel celular y mejorar los resultados clinicos.

Existen tres niveles en el transporte del oxigeno desde el corazon a las células. El
primero de ellos es la circulacidon sistémica, el segundo lo forma principalmente la
microcirculacién, responsable de la distribucién del oxigeno a los érganos, y el tercero es

el nivel mitocondrial, responsable de la utilizacion del oxigeno.

Por tanto, la utilizacion del oxigeno en la mitocondria requiere de una serie de eventos
que comienzan con el sistema respiratorio (la ventilacion y la captaciéon de O, por el
pulmén) y posteriormente la participacion del sistema cardiovascular en el transporte de

O, a través del gasto cardiaco y la distribucién hacia la microvascularizacion, la difusién
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del O, desde los capilares hacia las células y finalmente, la captacion del mismo por el
sistema celular especializado. El metabolismo y la integridad celular dependen de la
capacidad de la célula para generar energia, lo cual a su vez depende de la
disponibilidad del sustrato y el oxigeno para el metabolismo aerdbico. La fosforilacién
oxidativa es el mecanismo mas eficiente para la produccién de energia y se constituye

como la fuente principal del consumo de O, (VO,) del cuerpo.

La hipoperfusion histica del shock hace que disminuya el aporte de oxigeno y se
produzca un metabolismo anaerobio, con acumulacion de &acido lactico, aumento de
mediadores inflamatorios, lesion celular y en ultima instancia SDMO. En los pacientes

criticos y en el periodo perioperatorio a menudo existe un disbalance entre DO,y VO,.

El DO, puede ser inadecuado debido a que el CaO, y/o el GC pueden estar reducidos
[10]. La circulacién puede compensar este déficit hasta un grado y asi, el VO, es
normalmente independiente en un amplio rango de DO,. Esquematicamente, cualquier
disminucion del aporte de oxigeno se compensa de forma inicial con un aumento de la
extraccion de oxigeno lo cual explica que el consumo de oxigeno a nivel tisular se
mantiene de forma inicial. Si el CaO, disminuye, inicialmente el gasto cardiaco aumenta
para mantener los niveles de DO, pero tras un determinado umbral critico o en estados
de bajo gasto cardiaco, el O,ER se incrementa para mantener una adecuada relacién
VO,/DO; a nivel tisular.

Cuando los mecanismos compensatorios se agotan y la capacidad de extraccion de
oxigeno de los tejidos llega al maximo, el VO, se hace dependiente del DO, y comienza a
disminuir, incrementandose la concentracién de lactato lo que indica un cambio del
metabolismo celular pasando de la glicolisis aerdbica a la glicolisis anaerdbica
citoplasmatica, que conduce a la acidosis metabdlica y a la deuda de oxigeno [11]. Este
hecho estd normalmente asociado con el inicio del fallo organico aunque no es

necesariamente la regla. Figura 1
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Figura 1. Patrones hemodindmicos de la sepsis grave y shock séptico temprano. Los niveles de lactato y
valores SvO, / ScvO, pueden servir como marcadores subrogados de hipoxia tisular global durante la fase de
aporte- dependiente (A), la fase de aporte independiente (B), o fase de aporte- dependiente patolégica (C).

La relacidn entre las variables hemodinamicas es compleja tanto en el individuo sano
como en el individuo enfermo. Sin embargo un sélido entendimiento de la fisiologia
cardiovascular y cuales son los determinantes que sostienen la hemostasia y el flujo
sanguineo son imprescindibles para interpretar las variables hemodinamicas de forma

efectiva [12].

Si la enfermedad produce una disminucién del gasto cardiaco y del transporte de oxigeno
DO,, la presion arterial media (PAM) también disminuye. Los barorreceptores del arco
aortico y del cuerpo carotideo modifican el tono vasomotor a través de la modulacion del
tono simpatico para mantener la presion de perfusion cerebral. (ej., PAM 65 mm Hg).
[13]. Los efectos hemodinamicos de este incremento del tono simpatico son taquicardia y
restauracion de la PAM hacia valores normales reduciendo el volumen de sangre no
estresada e incrementando el tono arterial vasomotor. Por lo tanto, la hipotensién refleja
un fallo del sistema nervioso simpatico para compensar el shock circulatorio, mientras
que la normotensién no garantiza la estabilidad hemodinamica [14]. Como la regulacién
del flujo sanguineo se produce por vasodilatacion regional de los vasos arteriales de
resistencia, la hipotension induce un fallo en la autorregulacion de la distribucion del flujo
sanguineo [15]. Excepto en condiciones de hipoxemia severa y anemia, el mecanismo
primario por el cual el DO, varia para adecuar los requerimientos metabdlicos es a través

de la variacién del gasto cardiaco y la extraccién tisular de oxigeno. Como las demandas
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metabdlicas pueden variar de forma amplia, no existe un valor normal del gasto cardiaco
o del DO, sino unos umbrales minimos en las condiciones de reposo y la posibilidad de
adecuar niveles mas altos durante las situaciones de estrés. De forma operativa es mejor
acceder al gasto cardiaco de forma que este sea adecuado o inadecuado para satisfacer
las necesidades metabdlicas del organismo. El DO, inadecuado normalmente ocurre si la
extraccion tisular de oxigeno se incrementa de forma marcada y se manifiesta por una

disminucién de la SvO, por debajo de 70% [16].

2.3 CLASIFICACION DEL SHOCK:

Se distinguen 4 grandes tipos de shock (tabla 1) hipovolémico, distributivo, obstructivo y

cardiogénico.

Tabla 1: Tipos de Shock y sus causas Adaptado de Vincent JL [7]:

Hemorragico.

Deshidratacion: pérdidas gastrointestinales,

SHOCKHIPOVOLEMICO o )
urinarias, cutaneas en el quemado.

Tercer espacio.

Séptico.

Anafilactico.
SHOCKDISTRIBUTIVO Endocrinolégico.
Toxicos y sobredosis.

Neurogeénico.

Tromboembolismo pulmonar (TEP).
SHOCKOBSTRUCTIVO Neumotdrax.

Taponamiento cardiaco.

Miocardiopatias: IAM (infarto agudo de miocardio),
depresion miocardica del shock séptico, miocarditis.

SHOCKCARDIOGENICO Mecanico: insuficiencia mitral o adrtica aguda, rotura
cardiaca, comunicacion interventricular (CIV).

Arritmias.
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En cuanto a la incidencia, el mas frecuente fue el shock séptico (62%), seguido del
cardiogénico (16%), hipovolémico (16%), otros tipos de shock distributivo (4%) y shock
obstructivo (2%) [7].

El shock séptico es el problema mas importante por lo tanto, anualmente la sepsis
afecta a mas de 26 millones de personas en el mundo, aumentando su incidencia un 8-
13% cada afio. En EEUU se calcula que existe una incidencia de sepsis grave y shock
séptico de 3 casos/1.000 habitantes (= 750.000 pacientes sépticos/ano). De éstos
mueren el 29% (=215.000 personas/afno) y representan un 10% de todos los ingresos en
UCI [17].

En Espana, se ha calculado que en la Comunidad de Madrid existe una incidencia de
sepsis grave y shock séptico de 14,1 casos/10.000 habitantes (=7500 pacientes/afo), con

una mortalidad hospitalaria del 33% [18].

Aunque es posible que la incidencia real sea aun mayor pues la obtencion de cultivos
positivos, requisito fundamental para el diagndstico, en pacientes considerados sépticos
oscila entre el 30% y el 70% [17, 19].

2.4 FISIOPATOLOGIA:
De las cuatro categorias de shock, solo el shock distributivo tras la resucitacién de

volumen se asocia con un aumento del gasto cardiaco pero con disminucion del tono
vasomotor [12]. Por lo tanto, el gasto cardiaco, el volumen sistdlico, la DO, y la SvO,
disminuyen en el shock cardiogénico, shock hipovolémico y shock obstructivo, pero
pueden ser normales o estar incluso aumentados en el shock distributivo. Sin embargo,
en todas las condiciones, el aumento de la frecuencia cardiaca esta-asociado con un tono

simpatico aumentado.

2.4.1 SHOCK HIPOVOLEMICO:

El shock hipovolémico representa una disminucion del volumen de sangre circulante
efectivo y del retorno venoso. Puede ser debido a la pérdida primaria de volumen
intravascular (hemorragia, fuga capilar), a la pérdida de volumen intravascular secundaria
(pérdida en el tercer espacio, pérdida insensible a través de la piel con quemaduras,
diarrea, vomitos), y al aumento de volumen vascular no estresado (pérdida del tono
simpatico, lesion medular, drogas vasodilatadoras). Los hallazgos especificos del shock

hipovolémico se caracterizan por una reduccion de las presiones de llenado [12].
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El shock hipovolémico se caracteriza por una pérdida significativa del volumen
intravascular, lo que produce un descenso de la Precarga, Volumen de Eyeccién (VE) y
GC. Como mecanismo compensatorio se produce un aumento de las Resistencias
Vasculares Sistémicas (RVS) para intentar mantener la perfusion distal de los 6rganos,

pero si no se trata, lleva a hipoperfusion, fallo de érganos y muerte.

El agua corporal del organismo representa el 60% de la masa magra en varones y el 50%
en mujeres, y de ésta, el volumen de sangre es aproximadamente el 12% (5-6 litros). La
pérdida del 30-40% del volumen total de sangre puede llevar a un fallo cardiocirculatorio
que comprometa la vida del individuo. EI American College of Surgeons (ACS) ha dividido
la hemorragia aguda en 4 clases (tabla 2) [20], desde la clase | que se corresponde con
un paciente que no esta en shock, por ejemplo un donante de sangre, hasta la clase IV,

gue es un paciente que necesita una transfusion inmediata.

Tabla 2: Clasificacion hemorragia aguda ACS

CLASE
PARAMETROS | Il 1 v
Pérdida de sangre (%) | <15 15-30 30-40 > 40
Frecuencia cardiaca | <100 100-120 120-140 > 140
(Imp)
Presion arterial Normal o alta | Disminuida Disminuida Disminuida
Frecuencia 14-20 20-30 30-40 > 35
respiratoria
(respiraciones/minuto)
Gasto urinario (ml/h) > 30 20-30 5-15 <5
Sintomas Sistema | Normal Ansiedad Confusion Letargia
Nervioso Central
(SNC)

2.4.2 SHOCK DISTRIBUTIVO:

El shock distributivo representa la pérdida de la capacidad de respuesta simpatica
normal, lo que resulta en un tono vasomotor disminuido. En los sujetos no resucitados se
presenta como un shock hipovolémico [21], pero con la reanimacion con liquidos la
presion arterial no aumenta a pesar de un aumento del gasto cardiaco. Este hecho
puede ser debido a la pérdida de capacidad de respuesta vascular (sepsis, shock

medular, los farmacos vasodilatadores, venenos metabdlicos). Los hallazgos especificos
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del shock distributivo son un aumento del gasto cardiaco, DO, y SvO, a pesar de

hipotension persistente [12].

En conjunto el shock distributivo se caracteriza por un descenso de las RVS con o sin
disminucion del GC. Hay una gran variedad de circunstancias que lo pueden producir,
pero las mas frecuentes son la infeccion en el shock séptico, la anafilaxia y la lesion del

SNC en el shock neurogénico.
2.4.2.1 Shock séptico:

Es la hipotension inducida por la sepsis (Presion Arterial Sistdlica (PAS) < 90 mm Hg 6
Presién Arterial Media < 70 mm Hg 6 descenso en la PAS > 40mm Hg) a pesar de una
adecuada reanimacioén con fluidos junto con evidencia de hipoperfusion. Constituye la
principal causa de shock en pacientes ingresados en Unidades de Cuidados Intensivos
(UCls). Se produce un estado hiperdinamico con GC elevado y RVS anormalmente bajas.
Los principales cambios fisiopatolégicos en pacientes con sepsis grave y shock séptico
incluyen el shock vasopléjico (shock distributivo), depresién miocérdica, la alteracion del
flujo microvascular, y la lesion endotelial difusa [22]. Estos cambios fisiopatoldgicos
juegan un papel central en el manejo inicial de los pacientes con sepsis. La lesion difusa
endotelial produce una fuga microvascular, con edema de tejido y el edema de érganos,

hipotension y shock [23].

2.4.2.1.1. Alteraciones de la Macrocirculacién en la Inflamacién Sistémica y la Sepsis

El estado hemodinamico global en los pacientes con Inflamacion Sistémica se caracteriza
por una marcada disminucién en la resistencia vascular sistémica inducida por los
mediadores (IL-1, TNF, NO, etc.) [24, 25] y un gasto cardiaco normal o elevado [24]. Sin
embargo es frecuente observar una disfuncion sistélica y diastélica del ventriculo
izquierdo y/o una disfuncién del ventriculo derecho en los pacientes con inflamacion
sistémica como por ejemplo en sepsis, pancreatitis, cirugia cardiaca [24]. En las fases
precoces de la respuesta inflamatoria, es frecuente observar un estado de hipovolemia
intravascular el cual contribuye a la hipotensién que conduce a la disminucion de las
resistencias vasculares sistémicas (RVS) y a la disfuncion miocardica. Varios factores
participan como causa de esta hipovolemia, como el secuestro venoso y la disminucién
de la ingesta de fluidos, pero el principal mecanismo fisiopatolégico es la perdida de
liquidos del espacio intravascular al compartimento intersticial, la pleura y la cavidad
abdominal como resultado del incremento de la permeabilidad capilar inducida por los

mediadores [24, 25]. El shock vasopléjico debido a la insuficiencia del musculo liso
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vascular para contraerse, da como resultado vasodilatacion arterial y venodilatacion [22].
La venodilatacion disminuye el retorno venoso y agrava el déficit de volumen

intravascular causada por la fuga vascular.

2.4.2.1.2 Alteraciones de la Microcirculacién en la Inflamacion Sistémica y la Sepsis

La microcirculacion esta compuesta por red homogénea y densa de vasos sanguineos
capilares con un diametro inferior a 100 micras y bien perfundidos (Figura 2), a pesar de
que el flujo puede variar segun las necesidades metabdlicas de cada momento. La
perfusidon microcirculatoria juega un papel fundamental en el transporte de oxigeno a los

tejidos.

Una caracteristica fundamental que se ha encontrado en pacientes sépticos y con
cuadros de inflamacién severa es la alteracién en la perfusion de la microvascularizacion,
aunque también se ha observado en el shock cardiogénico y en pacientes
postquirurgicos [26, 27]. Estas alteraciones pueden persistir incluso a pesar de haber
corregido las alteraciones hemodinamicas de los pacientes y han sido demostradas tanto
a nivel clinico como experimental y representan un paso crucial en el desarrollo del fallo
organico [28]. Ademas de una disminucion de la densidad de los capilares, se produce
una heterogenicidad en la perfusion coexistiendo areas perfundidas y no perfundidas
(Figura 3). Estos cambios han sido identificados en diferentes modelos de sepsis tanto en
animales como en humanos [24, 28]. Se han descrito diferentes mecanismos
patofisiolégicos que contribuyen a la alteracion de la microcirculacién. Se ha sugerido que
las alteraciones en la coagulacién y la trombosis pudieran ser la principal causa de la
heterogeneidad de la microcirculacion [29], pero no parece que tengan un papel
fundamental, porque este proceso de perfusion es intermitente y los capilares no
perfundidos pueden estarlo otra vez de repente y al revés. La clave parece ser el fallo en
la comunicacion a nivel endotelial. Los mediadores inflamatorios pueden producir fuga
capilar y cambios en el tono vasomotor por disregulacion del endotelio con alteracién de
la comunicacién entre las células endoteliales y un imbalance entre sustancias
vasoconstrictoras y vasodilatadoras [28]. En este contexto, la interaccién entre las
superficies celulares endoteliales puede ser alterada debido a una modificacién en su
composicion y al adelgazamiento o ruptura del glicocalix, la capa localizada en la
superficie vascular endotelial y compuesta por proteoglicanos, hialuronico vy
glicosaminoglicanos [28]. Ademas, acumulos de plaquetas, leucocitos y eritrocitos
pueden obstruir los capilares [28]. Cambios en la forma y la adhesion de los eritrocitos a
la superficie endovascular podrian contribuir al fallo en el flujo sanguineo intravascular

[28]. Adicionalmente, en los estados de inflamacion sistémica, la microcirculacién puede
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ser alterada por la induccion de cascadas procoagulantes que conducen a una mayor

disminucion de la perfusién capilar [28]

Las alteraciones en la microcirculacién no suceden en pacientes con infeccién sin signos
de gravedad [30], por lo que se podria deducir que estas alteraciones contribuyen al
desarrollo de la disfunciéon de érganos. También se ha observado que estas alteraciones

son mas graves en pacientes no supervivientes que en supervivientes [31].

Figura 2: Microcirculacion sublingual en un individuo sano

Figura 3: Microcirculacion sublingual en un paciente séptico

El modelo fisiopatoldgico de la sepsis estda cambiando, ya que en realidad no se conoce

con exactitud. La sepsis es una condicion extremadamente compleja. La exposicion de
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los macréfagos humanos a antigenos bacterianos se ha demostrado que da lugar a un
cambio significativo en la expresién de mas de 950 genes [32]. Estos incluyen genes
proinflamatorios y antiinflamatorios para citocinas, quimiocinas, moléculas de adhesién,
factores de transcripcion, enzimas, factores de coagulacién, proteinas de estrés, vy
antimoléculas apoptoéticas. Estos productos derivados de los genes alteran la funcion de
cada célula y tejido en el cuerpo. Por otra parte, estos mediadores interactuan en
complejos circuitos de retroalimentacion positiva y negativa y dan lugar a modificaciones

epigenéticas que alteran aun mas la expresion de esta red de mediadores [33].

Generalmente se cree que la fase temprana de la sepsis es el resultado de la produccion
incontrolada de mediadores proinflamatorios, la asi llamada "tormenta de citocinas." [34].
Sin embargo, algunos datos sugieren que tanto una respuesta proinflamatoria como su
respuesta antiinflamatoria contraria ocurren simultdneamente en pacientes con sepsis
[35].

En general, siguiendo un curso de tiempo variable, los pacientes pasan de un estado
predominantemente proinflamatoria a un estado inmunosupresor antiinflamatorio [35, 36].
Por lo tanto es evidente que la sepsis se caracteriza por la presencia de importantes
alteraciones inmunolégicas, unido ademas a un profundo estado de inmunosupresién
durante la enfermedad. Aunque los procesos pro y antiinflamatorios comienzan
rapidamente al inicio de la sepsis, suele haber una fase hiperinflamatoria al inicio
mediada por citocinas que causaria shock, fiebre alta y SDMO, respuestas tipicas en un
paciente joven y sano previamente. Si el paciente muere en los primeros dias, se debera

a la hiperinflamacion y al SDMO.

Pero en los pacientes ancianos con diversas comorbilidades puede ocurrir que no
muestren signos inequivocos de shock séptico. Puede ser que no haya una respuesta
obvia a la infeccibn o que predomine una reaccién anti-inflamatoria. Los nuevos
tratamientos hacen que, aunque los pacientes puedan morir en cualquiera de los dos
fases, se prolongue el curso de la enfermedad y se produzca un cambio hacia una fase

de inmunosupresién (Figura 4) [37].
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Figura 4: Modelo fisiopatolégico de la sepsis y el shock séptico

2.4.2.2 Shock Anafilactico:

La anafilaxia es una reaccion alérgica sistémica de inicio rapido mediada por
Inmunoglobulina E (IgE), mientras que una reaccion anafilactoide no estd mediada por
IgE. El shock anafilactico se caracteriza por hipoxia, hipotensiéon y/o alteracion
neuroldgica. En casos no mortales, la hipotension se puede acompanar con frecuencia
de nauseas, vomitos, disnea, sincope, sudoracion y prurito. La reaccién puede ocurrir
inmediatamente después de la exposicion o incluso horas después. La progresion a
shock es debida a la hipoperfusién de los 6rganos. En algunos casos, la confirmacion
puede realizarse por niveles elevados en plasma de f-triptasa, pero la ausencia de los
mismos no excluye una anafilaxia. El tiempo medio hasta la parada cardiaca puede
oscilar entre 5-15 minutos, y los mayores alérgenos son los alimentos, insectos (abejas,
avispas...), medicamentos, latex, productos sanguineos, liquido seminal y factores fisicos

(frio, ejercicio...).
Se va a producir una sensibilizacién al antigeno y la formacién de IgE especifica para ese
antigeno. En la siguiente exposicion al antigeno se produce una union de la IgE al

antigeno y ambos al receptor y se produce la activacion de una cascada de mediadores,
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entre ellos la histamina. Debido a la potente vasodilatacion se produce un componente de
hipovolemia, disminucién de las RVS y ademas disminucion de la contractilidad
miocardica y bradicardia. También tiene mecanismos comunes con el shock obstructivo,
debido al vasoespasmo pulmonar. Y esta combinacion de efectos descritos da lugar a la
hipotension grave, pérdida de conciencia y colapso cardiovascular que tiene lugar en la

anafilaxia grave.

2.4.4 SHOCK CARDIOGENICO:

El shock cardiogénico representa la insuficiencia cardiaca primaria. Se puede deber al
deterioro de la contractilidad (infarto de isquemia / infarto, desequilibrio electrolitico,
hipoxemia, hipotermia, enfermedades endocrinolégicas, el envenenamiento metabdlico,
Beta-bloqueantes), al fallo en la funcion de la bomba (valvulopatia, defecto
ventriculoseptal, disritmias), o a la disfuncién diastolica (fibrosis, miocardiopatias
infiltrativas, hipertrofia). Los hallazgos cardinales especificos del shock cardiogénico son
un incremento de la presion de llenado cardiaco (presion de la auricula derecha [Pra] y la

presion de oclusion de la arteria [PPAQ]) y edema (periférico y pulmonar) [12].

El shock cardiogénico puede por tanto definirse por aquel estado fisiopatolégico en el que
la hipoperfusion tisular y de drganos se produce como resultado de una disfuncion
cardiaca, en la que el corazon es incapaz de mantener un adecuado gasto a pesar de un
volumen intravascular adecuado. La principal causa es el Infarto Agudo de Miocardio

(IAM), seguido de miocardiopatias e insuficiencias valvulares [38].

A nivel del ventriculo izquierdo, cualquier alteracion mecanica o isquémica, asi como una
miocardiopatia puede comprometer el GC, causando hipotension y produciendo un shock
cardiogénico (Figura 5). La isquemia miocardica produce una alteracién sistdlica y
diastélica. Esta disfuncion miocardica conlleva a empeorar la isquemia, creando un
circulo vicioso en el corazén. Se produce una disminucién de la presion de perfusiéon
coronaria, potenciando la isquemia y como mecanismo compensatorio una
vasoconstriccion para mantener la presion arterial, lo que empeora la funcion cardiaca, vy,
si no se trata, termina con la muerte del individuo. El fallo del ventriculo derecho puede
ser una causa primaria de shock cardiogénico, pero por lo general es un factor asociado.
A continuacion se va a producir una respuesta compensatoria neurohormonal con
activacion del sistema nervioso simpatico y el sistema renina-angiotensina-aldosterona,
que provoca un aumento temporal de la contractiidad e induce vasoconstriccion
periférica en un intento de mantener la presion arterial y el flujo necesario para los

6rganos. Sin embargo, el resultado final es el empeoramiento de la isquemia miocardica,
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hipoperfusion periférica y aumento del riesgo de arritmias cardiacas. Las catecolaminas
(endégenas o farmacoldgicas) aumentan las demandas de oxigeno y pueden ser
cardiotéxicas por un mecanismo directo. Se produce retencién de agua y sodio, edema
pulmonar, mas hipoxia e isquemia. Cuando se sobrepasan estos mecanismos

compensatorios se produce un metabolismo anaerobio por aumento del acido lactico.

Los mediadores inflamatorios, como la interleucina-6 (IL-6) y el factor de necrosis
tumoral-o. (TNF-a), producen un efecto inotropico negativo e inducen la formacion de
6xido nitrico a través del estimulo de la 6xido nitrico sintasa inducible (iNOS), dando lugar

a vasodilatacion, mas hipotension y acidosis lactica [38].
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Figura 5: Algoritmo fisiopatolégico shock cardiogénico

2.4.5 SHOCK OBSTRUCTIVO:

Puede ser debido a la obstruccion de salida del ventriculo derecho (VD) (embolia
pulmonar, hiperinflaciéon), taponamiento (derrame pericardico, hiperinflaciéon), o Ia
obstruccién del flujo del ventriculo izquierdo (V1) (estenosis adrtica, aneurisma disecante
de la aorta). Los hallazgos concretos de shock obstructivo son a menudo muy sutiles e

incluyen disminucion de la distensibilidad diastélica LV (volumen pequefio del LV , con
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aumento de la presion de oclusién de la arteria pulmonar ) y signos de cor pulmonale (P
auricula derecha mayor que la oclusion de la arteria pulmonar y regurgitacion tricuspidea)
[12].

Como prototipo del shock obstructivo, quiza el mas representativo sea el taponamiento

cardiaco.

2.4.5.1 Taponamiento cardiaco:

Podriamos definirlo como una compresion del corazén, lenta o rapida, que amenaza la
vida, secundaria a la acumulacién en el pericardio de liquido, pus, sangre, coagulos o
aire debido a un derrame pericardico, traumatismo o ruptura del corazon.

De la definicion podemos deducir su mecanismo fisiopatoloégico. Lo primero que se va
producir es una compresion de todas las camaras cardiacas debido al aumento de la
presion intrapericardica. Debido a que las camaras cardiacas se van haciendo
progresivamente mas pequefias y la compliance diastdlica esta disminuida, se limita el

llenado del corazoén.

La acumulacion de liquido en relacion con la elasticidad del pericardio y la eficacia de los
mecanismos compensadores son dos elementos muy importantes a tener en cuenta. Por
ejemplo, no es lo mismo una rotura cardiaca o una herida por arma de fuego, donde no
hay tiempo para establecer mecanismos compensadores, que un proceso de derrame
pericardico cronico, donde pueden llegar a acumularse incluso 2 litros o mas hasta que

compromete la vida del individuo.

La rigidez del pericardio y el incremento de volumen que produce el taponamiento lo
podemos ilustrar mediante curvas de presion-volumen pericardicas (Figura 6). Primero se
produce un ascenso lento, seguido por aumento muy rapido de forma vertical. En la
imagen izquierda podemos ver que el rapido incremento del liquido pericardico alcanza el
limite del volumen de reserva del pericardio y después rapidamente sobrepasa el limite
de la elasticidad del pericardio, aumentando de forma desproporcionada la presién
pericardica. En la imagen de la derecha existe una acumulacién de liquido
intrapericardico que se produce de forma mas lenta, por lo que se ponen en marcha
mecanismos compensadores y hay mas tiempo para sobrepasar el limite de la elasticidad

del pericardio y que se produzca el taponamiento [39].
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Figura 6 Presion y taponamiento cardiaco

Para comprender los mecanismos compensadores debemos tener en cuenta que la
Presién transmural miocardica (Pm) es igual a la Presién de llenado, es decir, la Presion

intracardiaca (Pi) menos la Presion pericardica (Pp):

Pm = Pi-Pp

Por lo tanto, el aumento de la Pp reduce y finalmente compensa la Pm, primero del
corazon derecho y en ultima instancia de todas las camaras cardiacas. Durante la
inspiracion y espiracion, el corazén derecho aumenta su llenado a expensas del
izquierdo, por lo que su Pm mejora transitoriamente y vuelve a como estaba durante la

espiracion.

Cuando se produce el taponamiento, no es posible compensar un volumen de eyeccién
tan reducido con este mecanismo, ya que ese volumen depende del aumento del latido
cardiaco por estimulo beta adrenérgico, RVS y fraccion de eyeccién. Se produce
finalmente una compensacion adicional por estimulacién neurohormonal similar a la que
se produce en el shock cardiogénico. Por ultimo, recordar que aunque el flujo coronario
se reduce en el taponamiento, no aparece isquemia porque este flujo coronario es

proporcional al descenso de las necesidades miocardicas [39].
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2.5 DIAGNOSTICO DIFERENCIAL
Como la mayoria de las formas de shock circulatorio reflejan un inadecuado DO, a los

tejidos, un objetivo primordial de la reanimacién es aumentar DO,. Tres preguntas
funcionales importantes se suelen realizar cuando nos encontramos ante un paciente

hemodinamicamente inestable.

En primer lugar, el gasto cardiaco se incrementa con la reanimacion con liquidos? vy,
en caso afirmativo, ¢por cuanto? Fisiolégicamente hablando, esto equivale a evaluar la
respuesta a la precarga . En segundo lugar, en el paciente hipotenso, ¢ el tono vasomotor
arterial, esta aumentado, disminuido, o normal?. Por ultimo, ;es el corazén capaz de
mantener un gasto cardiaco eficaz una vez que la presion arterial se restaura sin entrar
en fracaso? Claramente, existen otras preguntas hemodinamicas especificas de cada
paciente, pero en general, estas son las cuestiones fundamentales abordadas por los

algoritmos de tratamiento mas eficaces.

Por desgracia, aunque existan patrones especificos de valores hemodinamicos que
reflejan tipos especificos de enfermedad, estos patrones no predicen la respuesta
individual del paciente a la terapia [12]. Como se ha comentado anteriormente, el shock

séptico es el mas frecuente de todos.

Debemos prestar atencion a la historia clinica, exploracion fisica y pruebas
complementarias para diagnosticar el tipo y la causa del shock. Por ejemplo, en un
paciente politraumatizado lo mas probable es que el shock sea hipovolémico. Un
problema frecuente en las UCIs postquirirgicas cardiacas es la diferenciacion entre
shock cardiogénico y shock séptico, ya que pueden estar presentes de forma

independiente o en combinacion.

Es fundamental la realizacion de un examen completo clinico que debe incluir una
evaluacién del color de la piel y la temperatura, la distension venosa yugular y el edema
periférico. El diagnéstico puede ser refinado con evaluacion grafica de ecocardiograma,
que incluye la evaluacién de derrame pericardico, la medicién del tamafio ventricular
izquierdo y derecho y la funcion, la evaluacion de las variaciones respiratorias de las
dimensiones de la vena cava, el calculo de la integral velocidad-tiempo aértica, y una
medida del volumen sistolico. Siempre que sea factible, debe llevarse a cabo una
ecocardiografia tan pronto como sea posible en cualquier paciente que presente un
shock [7] Figura 7.
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Figura. Clasificacion inicial de las situaciones de shock.

La figura muestra un algoritmo inicial para la clasificacion inicial de un paciente en shock(Panel A), frecuencias relativas de los principales tipos
de shock(Panel B), representacion esquematica de los cuatro principales tipos de shock (Panel C). El algoritmo comienza con la presentacion mas
comun (hipotension arterial) pero la hipotension en ocasiones es minima o ausente. PVC corresponde con presién venosa central, SvO,
corresponde con saturacion venosa mixta .

N ENGLJ MED 369;18 NEJM.ORG OCTOBER 31, 2013

Figura 7 adaptada de Vincent JI NEJM2013 [7]
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2.5.1 Diagnoéstico de Sepsis

El diagnéstico y tratamiento precoces y adecuados son fundamentales para disminuir la
mortalidad en la sepsis [40]. Para el diagnéstico, la forma globalmente aceptada hoy es
mediante signos clinicos y de laboratorio inespecificos, y la sospecha o confirmacién de

infeccion [41].

Segun la conferencia de la ACCP y SCC, en 1991 [42], |a clinica de la sepsis es la de una
respuesta inflamatoria sistémica, en la que deben existir al menos dos alteraciones

clinicas y/o de laboratorio de las 4 que configuraban la lista de SRIS (Tabla 3).

Tabla 3: Definicién de SRIS: Mas de una de las siguientes manifestaciones
clinicas ?

-Temperatura corporal >38°C ¢ < 36°C

-FC > 90 Ipm

-Taquipnea (FR >20/min o PaCO; < 32 mmHg)

-Leucocitos >12000 células/ul o < 4000 cels/yl 6 >10% de neutrdfilos
inmaduros

SRIS, sindrome de respuesta inflamatoria sistémica; FC, frecuencia cardiaca; Ipm, latidos por minuto;
FR, frecuencia respiratoria; PaCO,, presion parcial de diéxido de carbono; a, en ausencia de otras

causas distintas de infeccion que puedan producirlas (ej neutropenia por quimioterapia, FC elevada por
dolor o hemorragia...)

Para no dejar a nadie sin diagnosticar por la alta mortalidad que conlleva la sepsis, y
observando la variabilidad entre pacientes sépticos, en la citada conferencia de 2001 [43]
se ampli6 la lista de posibles signos clinicos y de laboratorio de respuesta inflamatoria
sistémica. Igual que en 1991, reconocieron que no eran signos especificos de la sepsis,
sino que podian estar presentes en SRIS secundarios a otro tipo de agresién al

organismo (traumatismo, hemorragia, pancreatitis...).

En la nueva lista introdujeron signos de fallo temprano de 6rgano, ya que a veces es “la
primera sefial de alarma que hace darse cuenta a los médicos de que algo no esta yendo
bien”. Asi se cred un listado grande, dificultoso de recordar, y al que se refieren las
ultimas guias internacionales para el manejo de la sepsis grave y el shock séptico de la
Surviving Sepsis Campaign (SSC) [44] (Tabla 4).
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Tabla 4 : Criterios diagnosticos de sepsis (infeccion documentada o sospechada y dos o
mas de los siguientes signos o parametros de laboratorio

Variables generales:

Temperatura corporal: > 38,3°C 6 <36°C

FC <90 Ipm o > 2 DS sobre el valor normal segun edad

Taquipnea

Alteracion del estado mental

Edema notorio o balance de fluidos positivo (20 ml/kg en 24 horas)

Hiperglucemia en ausencia de diabetes (> 120 mg/dl o0 >7,7 mmol/l)

Variables inflamatorias:

Leucocitos > 12.000 células/ yl 6 < 4.000 / uyl 6 valores normales con >10% de formas
inmaduras

PCR plasmatica > 2 DS por encima del valor normal

PCT > 2 DS por encima del valor normal

Variables hemodinamicas

Hipotension arterial (PAS < 90mmHg, PAM < 70, o descenso de PAS >40mmHg en adultos o
PAS >2 DS por debajo del valor normal para la edad en ausencia de otras causas de
hipotension)

SvcO; > 70%*

indice cardiaco > 3,5 I/min/m**

Variables de disfuncién de érganos:

Hipoxemia arterial (PaO,/FiO, < 300)

Oliguria aguda (diuresis < 0,5 ml/kg/h o 45 ml/h durante al menos 2 horas)

Aumento de la creatinina > 0,5 mg/dl

Alteracion de la coagulacion (INR > 1,5 o TTPa >60 seg)

ileo paralitico (ausencia de ruidos intestinales)

Trombocitopenia (plaquetas < 100.000 /pl)

Hiperbilirrubinemia (bilirrubina total plasmatica > 4 mg/dl o 70 mmol/l)

Variables de perfusion tisular

Hiperlactatemia (> 1 mmol/l)

Relleno capilar disminuido o petequias

FC, frecuencia cardiaca; Ipm, latidos por minuto; DS, desviacién estandar; PCR, proteina C reactiva; PCT, procalcitonina; PAS,
presion arterial sistélica; PAM, presion arterial media; SvcO2, saturacion venosa central de oxigeno; PaO,, presién parcial de
oxigeno arterial; FiO,, fraccion inspirada de oxigeno; INR, ratio internacional normalizado; TTPa, tiempo de tromboplastina
total activada. * Ni SvcO2 > 70%, ni indice cardiaco 3,5-5,5 debe considerarse signos de sepsis en recién nacidos o nifios, ya
que son valores normales en ellos. Los criterios diagnosticos de sepsis en la poblacién infantil son signos y sintomas de
inflamacién mas infeccién con hiper o hipotermia (T2 rectal >38,5 6 < 35°C), taquicardia (podria estar ausente en hipotérmicos)

y al menos uno de los siguientes datos de fallo de érgano: alteracion del nivel de conciencia, hipoxemia, aumento del lactico
sérico o pulso saltén

De los fallos agudos de érgano que se desarrollan secundarios a una infeccién, el mas
frecuente es el respiratorio, seguido segun las series consultadas, por el fallo

cardiovascular y/o renal [17, 45].

Segun la SSC [44], se considera (a) fallo respiratorio, manifestado como sindrome de
distress respiratorio agudo (SDRA), cuando coexisten hipoxemia (PaO,/FiO, < 250 en
ausencia de neumonia como foco de infeccion 6 PaO,/FiO, < 200 si la neumonia es el
foco de infeccién) con infiltrados bilaterales de origen no cardiaco. (b) fallo cardiovascular,
cuando suceden hipotensién y/o niveles de lactato elevados en sangre, siendo la
situacion mas extrema el shock séptico, en el que a pesar de una expansion de volumen
adecuada, la hipotension persiste, y se necesita usar vasopresores. Podria suceder

también una disfuncion del miocardio [44, 45] (c) fallo renal, cuando la diuresis es escasa
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(< 0,5 ml/kg/h durante mas de 2 horas a pesar de una adecuada resucitacion con
liquidos) y la creatinina sérica aumenta (>2mg/dl 6 176,8 pmol/l), precisando en
ocasiones terapias de reemplazo renal [44, 45] (d) fallo de otros 6rganos: cerebro
(confusién o delirio), higado (bilirrubina >2mg/dl 6 34,2 ymol/l), sangre (plaquetas <
100.000 / pl y coagulopatia con INR > 1,5), endocrino (alteracion de los niveles de

glucemia, sindrome del eutiroideo enfermo...).

Pero al ser comunes estas variables clinicas en pacientes con SRIS con/sin infeccién, es
complicado poder diagnosticar una sepsis en ciertas circunstancias (ej. en paciente con
shock cardiogénico después de una cirugia cardiaca, en paciente politraumatizado grave,
en el shock hemorragico...). Esto hace que muchas veces no podamos ser precoces en
el diagndstico y por tanto en el tratamiento; o en ocasiones, se trate a los pacientes con
antibidticos innecesariamente, estando todas estas actitudes relacionadas directamente

con el aumento de la mortalidad [44].

Con el mejor conocimiento de la fisiopatologia de la sepsis, nacié el deseo de hallar
biomarcadores mas especificos de SRIS secundaria a la sepsis que las variables clinicas
de SRIS, a fin de: (a) poder hacer un diagnéstico mas temprano, (b) diferenciar entre
infeccién por bacterias Gram positivas, Gram negativas, virus u hongos, (c) monitorizar la
respuesta al tratamiento antibiotico, (d) orientar sobre el prondstico. Ha surgido, pues,
una larga lista de biomarcadores relacionados de una u otra manera con esta
enfermedad. En una revision realizada en 2010 por Pierrakos y Vincent [46], se habla de
178 biomarcadores, sin que ninguno pueda por si solo diagnosticar con alta sensibilidad y
especificidad la sepsis (alta variabilidad de concentracion segun momento de la
enfermedad, presencia en pacientes graves no infectados...). El nimero tan elevado de
biomarcadores que se han relacionado con esta enfermedad, a diferencia de los pocos
encontrados en otras como en el infarto agudo de miocardio y en la de Alzheimer, parece
debido a la fisiopatologia tan compleja de la sepsis, y a la implicacién de multiples

organos y tejidos que aqui se da.

De todos los biomarcadores, los mas utilizados en la practica clinica son la PCR y PCT.
Ambas tienen una sensibilidad y especificidad menor del 90%, pudiendo estar presentes
en cualquier situacion inflamatoria, asi que no parecen utiles para diferenciar entre SRIS

de causa infecciosa y no infecciosa [46].

El uso de la PCR es mas antiguo que el de la PCT y esta mas extendido en los

laboratorios de los hospitales. Un aumento marcado de la PCR en plasma se relaciona
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con mayor riesgo de fallo de érgano y muerte [47], y su evaluacion a lo largo del tiempo
es util para ver respuesta al tratamiento de pacientes sépticos [46].

La PCT es la precursora de la calcitonina madura, una hormona que no parece tener
significado fisiolégico relevante en el cuerpo humano, pero cuando se administra
exdgenamente hace disminuir los niveles de calcio plasmaticos. La producen células de
tejidos infectados y no infectados [48].

Los autores no se ponen de acuerdo en si tiene mayor o menor especificidad que la PCR,

existiendo trabajos que lo afirman y otros que lo niegan [49].

También aparecen valores de corte distintos para diagnosticar una sepsis, variando los
valores de unos trabajos a otros, y de un tipo de paciente a otro (ej. pacientes quirirgicos
y médicos) [50]. Se ha visto que la mayor utilidad que puede tener la monitorizacion de
los niveles de PCT, es para orientar sobre la respuesta al tratamiento antibiético y para
ayudar a suspenderlo [51]. Segun las definiciones clasicas, para el diagndstico de sepsis
no solo se necesita la presencia de SRIS, sino una infeccion sospechada o

documentada.

La mejor manera (“gold standard”), la que confirmaria con mas certeza que estamos ante
una infeccion, es la observacion de microorganismos en cultivos extraidos de fluidos
corporales (sangre, orina, LCR, liquido procedente de herida, secreciones
respiratorias...). La SCC dicta normas de como realizar la extraccion de las muestras de
fluidos biolégicos, y recomienda hacerlo antes de comenzar con el tratamiento antibiético,
si esta actitud no supone un retraso en el inicio del mismo mayor de 45 min.

(recomendacion 1C) [44].

Pero ordinariamente los cultivos no son positivos, quizas debido al uso de antibioterapia
durante el ingreso [52, 53]. Por ello el diagndstico de sepsis muchas veces se basa en
variables clinicas y de laboratorio junto con sospecha de infeccion. La sospecha viene a
través de: (a) la observacion y combinacion de variables extraidas de la tabla de SRIS,
(b) el examen del posible lugar de infeccion o secreciones derivadas de él (herida con
mal aspecto, secreciones purulentas...), (¢) la historia clinica (dias con via central
canalizada, dias de intubacién y ventilacibon mecanica...), (d) pruebas de imagen
(infiltrados en la radiografia de térax...), (e) anatomia patolégica (alteraciones
histopatoldgicas), (f) inmunologia (IgM o aumento de valores de IgG frente a un germen,
localizacién de antigenos del germen —galactomanano, 1-3-B-D-glucano frente a hongos,

antigenos viricos—) [53].
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En la actualidad, aunque el cultivo del microorganismo es el “gold standard’ para el
diagnéstico de infeccidn, la reaccién en cadena de la polimerasa (RCP), amplificando
ciertas secuencias de ADN o ARN de microorganismos (bacterias, hongos y virus),
parece que es capaz de diagnosticar la infeccion en mucho menos tiempo y en mas
casos que el cultivo, y también de avisarnos de la resistencia a antibidticos de ciertos
microorganismos (ej. resistencia a la meticilina del Staphilococcus aureus). En todo caso,
se necesitan mas estudios para saber exactamente el papel que juega esta prueba en el

diagnostico de sepsis [54].

2.6 TRATAMIENTO INICIAL DEL PACIENTE EN SHOCK:

Es indispensable iniciar el tratamiento lo mas rapidamente posible, aunque no sepamos
la causa, ya que iniciar la reanimacion rapido y adecuadamente es esencial para prevenir
la disfuncion y el fallo orgénico.

El tratamiento se basa en tres pilares:

* Ventilacion (administracion de oxigeno) para aumentar el DO, y
prevenir la hipertensién pulmonar en aquellas ocasiones que el
paciente presente disnea, hipoxemia y acidosis. La ventilacion
mecanica produce una reduccion de la demanda de oxigeno de los
musculos y un descenso de la postcarga del ventriculo izquierdo
debido al incremento de la presion intratoracica.

* Reanimacién con liquidos. Necesaria para mejorar el flujo de la
microvascularizacion y aumentar el GC, incluso en los pacientes
con Shock cardiogénico, aunque en éstos se deben manejar los
liquidos con precaucién, siempre monitorizando su administracién.
Es dificil definir la cantidad que hay que administrar y los objetivos a
conseguir. Podriamos decir que si tenemos en cuenta el GC,
deberia llegar a ser independiente de la precarga, pero esto es
complicado de conseguir clinicamente. Hay que tener en cuenta 4
aspectos importantes: el tipo de liquido a administrar, la velocidad
de infusion, los objetivos que se persiguen con la infusion y la
seguridad del paciente evitando la sobrecarga

e La administracion de medicacién vasoactiva: Vasopresores e
inotropicos para corregir la presion arterial media y mejorar el gasto
cardiaco y el flujo sanguineo tisular y el aporte de oxigeno a los

tejidos.
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Un aspecto muy importante a tener en cuenta debido a su alta frecuencia es el

tratamiento de los pacientes con Sepsis.

2.6.1 TRATAMIENTO DE LOS PACIENTES CON SEPSIS

A comienzos del siglo XXI , la mortalidad de la sepsis grave sigue siendo elevada en la
mayor parte de las unidades de reanimacion [17, 55], del orden del 40%. Sin embargo, en
fechas muy recientes se ha podido registrar un descenso de esta mortalidad durante la
realizacién de ensayos terapéuticos aislados que consistian en un enfoque terapéutico

innovador [56].

La administracién precoz de tratamientos apropiados a la fisiopatologia de la sepsis
grave en las primeras horas (6-24 primeras horas) parece un elemento clave del
pronéstico. El concepto global de proteccion de la perfusién y de la oxigenacion de los
6rganos se acepta como un factor esencial [57]. Este contexto de urgencia y de
protecciéon de la viabilidad tisular recuerda con claridad al del infarto de miocardio o del

accidente cerebrovascular.

De igual modo, el deseo de acumular y coordinar las distintas innovaciones terapéuticas
en un mismo esfuerzo de proteccion recuerda la aplicaciéon de las recomendaciones para

el tratamiento del infarto agudo de miocardio a finales de la década de 1960.

A pesar de la existencia de multiples estudios que han perseguido encontrar tratamientos
efectivos dirigidos hacia dianas concretas en la sepsis, lo Unico que a dia de hoy ha
demostrado disminuir la mortalidad en esta enfermedad, es mantener una buena
perfusion de érganos y tejidos e iniciar un tratamiento antibiético eficaz tempranamente
[58].

El manejo precoz de los pacientes con sepsis se centra en la administracion de
antibioticos, fluidos IV, y agentes vasoactivos, seguido de control de la fuente de
infeccién. Desafortunadamente, no hay ninguna evidencia de alta calidad (de uno o mas
ensayos aleatorios controlados) que demuestre que cualquiera de estas intervenciones

altera el resultado.

Sin embargo, es probable que la deteccién precoz de la sepsis, con la administracién
oportuna de antibidticos apropiados, sea el factor mas importante en la reduccion de la

morbilidad y la mortalidad por sepsis [59]. Es cada vez mas evidente que en muchos
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pacientes hay un largo retraso tanto en el reconocimiento de la sepsis como en la
iniciacion de la terapia adecuada. Este hecho ha sido demostrado que se traduce en una
mayor incidencia de insuficiencia organica progresiva y una mayor mortalidad. [60, 61].
Los médicos, por lo tanto, necesitan tener un alto indice de sospecha de la presencia de

sepsis.

La manera de realizar el tratamiento (objetivos terapéuticos, cantidad y tipo de liquido a
infundir, tipo de monitorizacion hemodinamica, uso de uno u otro vasopresor...) sigue

siendo motivo de debate y de realizacién de nuevos trabajos [45].

En las “Guias de actuacion en pacientes con sepsis grave y shock séptico” que realiz6 en
2012 la Surviving Sepsis Campaign (SSC) [44], hay recomendaciones de actuacion que
son basicamente de soporte vital (hemodinamico, respiratorio, renal...), y algunas pautas
para el manejo de la infeccién. El Unico tratamiento de la guia que tiene en cuenta la
fisiopatologia de la sepsis por su efecto inmunomodulador, son los corticoides. Esta guia
actualiza las redactadas en 2004 y 2008. En ellas se hace una revision de toda la
bibliografia existente hasta la fecha de su publicacién, estando cada punto acompafiado
de una recomendacién fuerte o débil (1 y 2 respectivamente) y de un nivel de evidencia
cientifica (A-D). Un resumen puede leerse en la Tabla 5

Tabla 5: Recomendaciones sobre soporte hemodinamico y de otros érganos con su grado de recomendacion
y nivel de evidencia cientifica

Lograr los objetivos hemodinamicos en las primeras 6 horas del diagnéstico 1C
Rellenar con fluidos, empezando con cristaloides 1B
Considerar afiadir albumina si se necesitan cantidades grandes de cristaloides 2C
Evitar las soluciones con hidroxietil almidén 1C
o | En hipoperfusion tisular con sospecha de hipovolemia, administrar al menos 30ml/kg de 1C
O cristaloides (una parte podria hacerse con la dosis equivalente de albumina).
<§( Continuar el relleno con liquidos si sigue mejorando hemodinamicamente el paciente uG
zZ
8 Usar NA como vasopresor de primera linea 1B
= | Anfadir A a la NA (en ocasiones sustituyéndola), cuando se precise otro farmaco para 2B
& mantener una adecuada tension arterial
w | Anadir vasopresina 0,03 U/min a la NA con el propésito de aumentar la tension arterial o UG
£ | disminuir las dosis de NA
O | Infundir DBT o afadirla a los vasopresores cuando haya disfuncion miocardica o 1C
o ! o . .
o hipoperfusion mantenida a pesar de un adecuado relleno intravascular y PAM.
n
Valorar el uso de hidrocortisona 200mg /dia en los pacientes en shock séptico que se no
se haya podido conseguir los objetivos hemodinamicos con el relleno con liquidos y la 2C
infusion de vasopresores
Transfundir concentrados de hematies con hemoglobina < 7-9g/dl. en ausencia de 1B
hipoperfusion, enfermedad coronaria o isquemia de miocardio o hemorragia aguda
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SOPORTE DE OTROS ORGANOS

RESPIRATORIO (SDRA secundario a la sepsis)

Usar V1t 6ml/kg y presiones plateau inspiratorias < 30cmH20 1A/1B

Usar PEEP y en el caso de SDRA moderado o grave PEEP altas mejor que bajas 1B/2C

Hacer maniobras de reclutamiento en pacientes con hipoxemia grave refractaria 2C

Usar la posicion decubito prono en pacientes con PaO2/FiO2 <100mmHg si se tiene 2B
experiencia con esta practica

En ventilacion mecanica, mantener cabecero de la cama elevado 30-45° para evitar 1B
aspiracion y prevenir el desarrollo de neumonia asociada a ventilacion mecanica

Usar protocolos de destete de ventilacion mecanica 1A

Usar estrategia restrictiva de fluidos en aquellos sin evidencia de hipoperfusion tisular 1C

Minimizar la sedacion de los pacientes en ventilacion mecanica, dosificar segun 1B
objetivos

Usar un bloqueante neuromuscular durante <48 horas en pacientes con SDRA temprano 2C/1C
y PaO,/FiO2 < 150mmHg y evitarlos en pacientes sin SDRA

OTROS

Usar protocolos para control glucemias, para mantener niveles de glucemia <180mg/dl. | 44/ 1C
Monitorizar glucemias cada 1-2 horas hasta que niveles de glucemia y de infusion de
insulina sean estables, y después cada 4 horas

Es igual usar TRRC o HD intermitente en el fallo renal agudo. Aunque recomiendan el | 5g/op
uso de las continuas en pacientes hemodinamicamente inestables

No recomiendan el uso de NaHCO3 para mejorar hemodinamicamente al paciente o 2B
reducir necesidades de vasopresores en pacientes con hiperlactacidemia secundario a
hipoperfusién , con pH 27,15

Profilaxis de tromboembolismo venoso con heparinas de bajo peso molecular. Y | 4g/oc
siempre que sea posible acompafiado de compresién neumatica intermitente

Profilaxis de ulceras por estrés en pacientes con factores de riesgo de sangrado (ej | 1B/2B/2C
coagulopatia, ventilacion mecanica durante mas de 48horas, hipotension...) y no
deben recibir aquellos sin factores de riesgo. La profilaxis mejor con inhibidores de la
bomba de protones que con antagonistas de los receptores H2

Sugieren administrar nutricion oral o enteral segun tolerancia, mejor que forzar via oral o | 2C/2B/2C

so6lo glucosa iv en las primeras 48h. En los primeros 7 dias, mejor glucosa iv y nutricién
enteral, que nutricion parenteral sola o combinada con la enteral. Usar nutricién sin
suplementos inmunomoduladores

NA, noradrenalina; A, adrenalina; DBT, dobutamina; PAM, presion arterial media; V+, volumen tidal; PEEP,
presién positiva al final de la espiracion; SDRA, sindrome de distress respiratorio agudo; PaO2, presién parcial
de oxigeno en sangre; FiO,, fraccion inspiratoria de oxigeno; TRRC, terapias de reemplazo renal continuo; HD,

hemodialisis; UG, “ungraded” sin grado de recomendacion

El otro aspecto en el que descansa el tratamiento precoz de la sepsis es el control

de la infeccion. Los aspectos fundamentales del control de la infeccidn son: Sospechar la

presencia de infeccién (diagnostico probable), obtener muestras para analizar los

posibles microorganismos, iniciar tempranamente una terapia empirica adecuada que

cubra todos los patdgenos sospechados (el retraso en el tratamiento con antibiéticos

adecuados se ha relacionado con un aumento significativo de la mortalidad) y control

temprano del foco de infeccion (ej drenaje de abcesos) [44] Tabla 6

Tabla 6: Recomendaciones sobre el control de la infeccidn, con su grado de recomendacion y nivel de
evidencia cientifica

Obtener muestras para cultivo antes de iniciar tratamiento antibiético si no supone un retraso

del inicio antibiotico > 45 min 1C
Administrar antibiéticos de amplio espectro efectivos en las primera hora de la sospecha de 1B/AC
shock séptico y de la sepsis grave
Realizar pruebas de imagen pronto para confirmar el foco infeccioso UG
Control foco de infeccién en <12 horas siguientes al diagnoéstico (ej. drenaje coleccién de pus) 1C
Reanalizar diariamente la terapia antimicrobiana para de-escalar si es necesario, para prevenir 1B

resistencias y disminuir toxicidad y costes

UG, “ungraded” sin grado de recomendacion
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2.6.1.1 Reanimacion con liquidos:

Mas alla de la administracién precoz de antibidticos, la realizacién de "medidas de apoyo"
agresivos puede ser perjudicial y el paradigma "menos es mas" parece aplicable para el
manejo de pacientes con sepsis grave. En estos pacientes altamente vulnerables, el
tratamiento mas intensivo puede promover la posibilidad de efectos adversos no
deseados y, por lo tanto, dafio iatrogénico [62]. La ensefianza actual sugiere que la
reanimacién con liquidos agresivos es el mejor enfoque inicial para la inestabilidad

cardiovascular de la sepsis.

En consecuencia, a menudo se infunden grandes volumenes de liquido (5-10 L) en las
primeras etapas de la sepsis. Sin embargo, no hay datos en humanos que demuestren
de forma sustancial que la administracién de liquidos a dosis >30 mL / kg mejore de
forma fiable la presion sanguinea o la perfusion final de 6rganos [63]. Desde un punto de
vista fisiopatolégico, la reanimacién con gran volumen de liquidos en pacientes con
sepsis es ilogico y puede empeorar los trastornos hemodinamicos de la sepsis. En los
pacientes con shock séptico que son respondedores de fluidos (un aumento del gasto
cardiaco con bolos de fluidos), se ha observado una vasodilatacion con un descenso de

la resistencia vascular sistematica [64].

Un hallazgo similar se ha observado en un modelo experimental de sepsis [65]. Por lo
tanto, aunque se produzcan aumentos del gasto cardiaco, existe vasodilataciéon de forma
concomitante y la presién sanguinea puede permanecer inalterada [64]. El aumento de
la tension de cizallamiento o shear stress en los vasos aumenta la expresion de la 6xido

nitrico sintetasa con aumento de la liberacién de oxido nitrico [22].

Ademas, el aumento de presiones de llenado cardiaco aumenta la liberacién de los
péptidos natriuréticos, que actuan sinérgicamente con el 6xido nitrico, produciendo GMP-
¢ que media la vasodilatacion [22]. La endotoxina aumenta esta respuesta vasodilatadora
[66].Como las presiones de llenado cardiaco se incrementan, también aumentan el agua

pulmonar extravascular (EVLW) y el edema tisular [23].

Ademas, este aumento de presiones de llenado cardiaco como consecuencia de un gran
volumen de reanimacion potencia la liberacion de péptidos natriuréticos [67]. Los
péptidos natriuréticos escinden de la membrana a los proteoglicanos y glicoproteinas (en

particular de acido 1-syndecan y hialurénico) separandolas del glicocalix endotelial [68].
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El glicocalix endotelial juega un papel importante en la regulacion de la permeabilidad
endotelial, asi el dafio del glicocalix tienen papel importante en el aumento del edema
tisular [69].

Debido a la lesidon endotelial, la fuga capilar, y el aumento de las presiones hidrostaticas,
el 5% de los cristaloides infundidos permanecen en el espacio intravascular a las 3 h
después de la infusién, lo que resulta en un aumento de EVLW y mas edema tisular [70].
El aumento del EVLW ha demostrado ser un fuerte predictor independiente de mortalidad
[71]. En los pacientes con neumonia, la reanimacién con gran volumen de liquidos

pueden resultar en edema pulmonar grave [23].

El edema del miocardio debido a la administracion excesiva de liquido agrava la
disfuncién miocardica [65]. La evidencia de los efectos nocivos de la reanimacion
agresiva con liquidos sobre los resultados clinicos de los pacientes con sepsis estan
apoyadas por estudios experimentales, asi como por los datos acumulados de ensayos
clinicos [23, 65].

Multiples estudios clinicos han demostrado una asociacién independiente entre un
balance acumulado positivo de liquidos y el aumento de la mortalidad en pacientes con
sepsis. [23] Boyd y colaboradores [72] demostraron que un balance acumulado de
liquidos positivo y una presion venosa central (CVP) elevada a las 12 horas y a los 4

dias fueron predictores independientes de muerte.

En un estudio reciente, Micek y colaboradores [73] demostraron que un balance positivo
de liquidos a los 8 dias fue el mayor predictor independiente de mortalidad hospitalaria.
En este estudio, el balance de liquidos a las 24 horas fue de 37,5 ml / kg
(aproximadamente 2,5 |) en los sobrevivientes en comparacion con 55,3 ml / kg (3,9 1) en
los que murieron. Zhang y colaboradores [67] demostraron una fuerte correlacion entre el
balance de liquidos netos, el aumento de péptido natriurético cerebral, y la muerte en
pacientes con sepsis. Los datos mas convincentes de que la carga de liquido en la
sepsis es perjudicial provienen del estudio (FEAST) realizado en 3.141 nifos
subsaharianos con sepsis severa [74]. En este estudio, la carga agresiva de liquidos se
asocio de forma significativa con un mayor riesgo de muerte. Por otra parte, no hubo
ningun subgrupo de pacientes que se beneficiaran de la reanimacién agresiva con
liquidos. Este estudio es frecuentemente infravalorado con el argumento de que no se

puede extrapolar a pacientes adultos [23]
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En estudios recientes en sepsis , los pacientes reciben entre 1,5y 4,0 L de liquido en las
primeras 24 h. [23, 73]. En el estudio VASST, la supervivencia 6ptima se produjo con un
balance positivo de liquidos de aproximadamente 3 L a las 12 h [72] .En algunos
pacientes, la hipotension y taquicardia no se resuelven con una resucitacion limitada con
liquidos. Ademas los fluidos por si solos no revierten la inestabilidad hemodinamica de
los pacientes con sepsis mas grave; en estos pacientes, los fluidos solos tienden a

exacerbar el shock distributivo y aumentar la fuga capilar y edema tisular.

Basandose en estos datos, la sugerencia de algunos autores es limitar la reanimacién
inicial con liquidos a aproximadamente de 20 a 30 ml / kg. Ademas, también se ha
sugerido la administracién este liquido en forma de fluid challenge utilizando bolos p.ej
500 mL [23] Es importante destacar que este enfoque conservador para el manejo de
fluidos en pacientes con sepsis se basa en la evidencia indirecta y no en un ensayo
controlado aleatorio disefiado especificamente para responder a esta pregunta. Ademas,
esta recomendacion difiere algo de la de las mas recientes directrices de la campafa
“Sobrevivir a la Sepsis”, que sugieren "un fluid challenge minimo de 30 ml / kg" y que
"puede ser necesaria una mayor cantidad de liquido en algunos pacientes (Grado 1C)."
[44].

Para evaluar la respuesta volumen algunos autores recientes recomiendan la utilizacién
de la maniobra de elevacion pasiva de piernas junto con la monitorizacién del gasto

cardiaco de forma minimamente invasiva [75].

El analisis calibrado del contorno de pulso, FloTrac®, Vigileo®, PiCCO®, LIDCO®),la
termodilucién transpulmonar (VolumeView Set®, PIiCCO®) la biorreactancia, la
monitorizacién del gasto cardiaco por ultrasonidos (USCOM), el flujo Doppler carotideo,
la ecocardiografia Doppler o el Doppler esofagico son técnicas que se pueden utilizar

para evaluar y seguir dinamicamente el gasto cardiaco en tiempo real [76].

La biorreactancia, USCOM, y el flujo Doppler carotideo son verdaderamente monitores
no invasivos y son adecuados para guiar la reanimacion con liquidos en los servicios de

urgencias [23].
En los casos de hipotension con grave riesgo de muerte (presion arterial diastélica, 40

mm Hg), el tratamiento con vasopresores debe iniciarse simultdneamente con la

administracion de fluidos [43].
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Existen datos recientes que sugieren que la eleccion del liquido de reanimacion puede
tener un efecto sobre el resultado. Las soluciones salinas balanceadas (solucion Ringer
lactato, solucién de Hartmann, Plasmalyte 148) son los fluidos de resucitacion preferidos.
La solucién salina normal (0,9% NaCl) se asocia con un mayor riesgo de disfuncion renal
[77] una acidosis metabdlica hipercloremica , y un mayor riesgo de muerte [78, 79].

Del mismo modo, las soluciones de hidroxietil almidén (starches) estan asociadas con un
mayor riesgo de insuficiencia renal y de muerte y se consideran contraindicadas en

pacientes con sepsis [80].

La albumina tiene una serie de beneficios tedricos en pacientes con sepsis, incluyendo
sus propiedades antioxidantes y efectos antiinflamatorios, asi como su capacidad para
estabilizar el glicocalix endotelial [81]. Sin embargo, el uso de albumina en pacientes con
sepsis es controvertido. El estudio ALBIOS demostré que una infusién de albiumina 25%
disminuyd la mortalidad de los pacientes con shock séptico (y una albumina de suero de
<3g / dL) una vez que la estabilidad hemodinamica habia sido alcanzada [82]. El uso de
la albumina en pacientes con sepsis esta apoyado por el estudio SAFE , asi como por un

metaanalisis sobre este tema [83].

Debido a que la infusidon de albumina al 25% puede restaurar el glicocalix endotelial
dafiado, esta estrategia podria ser una intervencion razonable en los pacientes con

shock séptico severo [84].

2.6.1.2 Medicacion vaso activa:

2.6.1.2.1 Vasopresores:

El momento éptimo para iniciar el tratamiento vasopresor en los pacientes con sepsis no
ha sido bien estudiado. Sin embargo, después de recibir 20 a 30 ml / kg de cristaloides,
parece poco probable que los bolos de fluidos adicionales puedan aumentar la presion
arterial media (PAM) en pacientes que permanecen hipotensos .[63] Por lo tanto, se
puede recomendar el inicio de un agente vasopresor (norepinefrina) en pacientes que
permanecen hipotensos (PAM, 65 mm Hg) después de recibir 20 a 30 ml / kg de solucion
cristaloide. Se pueden administrar bolos de fluidos adicionales (500 mL) una vez que la
dosis de noradrenalina ‘objetivo’ se consigue (alrededor de 0,1-0,2 mg / kg / min), y esto
debe basarse en una evaluacién dinamica de la capacidad de respuesta de volumen y de

la funcion ventricular [23]. La primera linea de tratamiento son los agonistas adrenérgicos,
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por su inicio de accién rapido, alta potencia y vida media corta. Entre ellos, como primera
opcion la noradrenalina (a-1 agonista principalmente, pero también tiene efectos -1y 2).
En los pacientes con sepsis, la norepinefrina aumenta la presion sanguinea, asi como el
gasto cardiaco y el flujo sanguineo renal, esplacnico, cerebral, y microvascular, al mismo
tiempo que aumenta la frecuencia cardiaca minimamente [85, 86]. Aunque no es muy
apreciado, la norepinefrina causa venoconstriccion mediada por el receptor-adrenérgico
lo que aumenta la presion sistémica media con un aumento significativo en el retorno
venoso y la precarga cardiaca [87, 88]. El uso temprano de norepinefrina restaura la
presion sanguinea y el flujo sanguineo de los 6rganos con un efecto de ahorro de fluido
significativa. Hamzaoui y colleagues [89] demostraron que la administracién temprana de
norepinefrina invierte gran parte las alteraciones hemodinamicas del shock distributivo
severo. Abid y colleagues [90] demostraron que el uso temprano de norepinefrina en

pacientes con shock séptico era un predictor independiente de supervivencia.

En cuanto a la dopamina (-1 agonista a dosis bajas y a-1 a dosis altas), sus efectos
dopaminérgicos a dosis muy bajas pueden dilatar la circulacion renal y hepatoesplacnica,
pero no se ha demostrado que tengan efectos protectores sobre la funcion renal [91] por
lo que no se recomienda su uso rutinariamente. Este efecto dopaminérgico también tiene
efectos adversos a nivel hipotalamo-hipofisario, produciendo inmunosupresion debido a
una disminucion de la prolactina de la hormona de crecimiento y de la TSH [92, 93]. La
dopamina inhibe la proliferacién linfocitica , la sintesis de citoquinas e inmunoglobulinas,

y promueve la apoptosis de linfocitos[94, 95].

En situaciones en las que no se dispone de norepinefrina, la adrenalina es una
alternativa adecuada en los pacientes con shock séptico [96, 97]. La adrenalina (B-1y 2
agonista a dosis bajas y a-1 a dosis mas altas) puede producir mas arritmias, disminucién
en el flujo esplacnico y aumento del lactato debido al aumento en el metabolismo celular.
Tampoco se ha demostrado que tenga efectos beneficiosos sobre la noradrenalina en el
shock séptico. Se recomienda como segunda opciéon para casos graves [97]. La
excepcion es el shock anafilactico, en el que la adrenalina es el farmaco de eleccion para

la hipotensién, broncoespasmo y angioedema.
En los pacientes sépticos, no se recomienda la fenilefrina, porque en modelos

experimentales disminuye el gasto cardiaco y renal y el flujo sanguineo esplacnico.

Ademas, la fenilefrina no ha sido bien estudiada en pacientes con sepsis [23].
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Algunas formas de shock distributivo tienen un déficit de vasopresina, por lo que la
administracion de dosis bajas de vasopresina puede ser beneficioso para el aumento de
la presion arterial. Las guias clinicas de la “Campafia Sobrevivir a la Sepsis” sugieren
que "vasopresina 0,03 unidades / min puede ser afiadida a la norepinefrina con la

intenciéon de aumentar la PAM o disminuir la dosis de noradrenalina (sin clasificar)" [44].

La vasopresina invierte la deficiencia de vasopresina relativa que se observa en los
pacientes con shock séptico y aumenta la sensibilidad adrenérgica [22]. La vasopresina
puede ser eficaz en el aumento de la presién arterial en pacientes con hipotension
refractaria; sin embargo, el momento 6ptimo para iniciar este medicamento no esta claro.
El estudio VASST aleatorizé a pacientes con shock séptico para recibir o norepinefrina
sola o noradrenalina mas vasopresina a 0,03 unidades / Min [98]. En el analisis inicial no
se encontraron diferencias significativas en los resultados entre los grupos. Sin embargo,
un andlisis de subgrupos definidos a priori se demostré que la supervivencia entre
aquellos pacientes que recibian una dosis de > 0,2 mg / kg / min de norepinefrina en el
momento de la aleatorizacidn la adicién de la vasopresina mejoraba los resultados
comparado con el grupo de aquellos pacientes que recibian noradrenalina a una dosis
mas baja inferior a <0.2 mg / kg / min. |, por lo tanto, los autores sugieren la adicién de

vasopresina cuando la dosis inicial de noradrenalina esta entre 0,1 y 0,2 mg / kg / min.

La terlipresina, un analogo de la vasopresina, tiene una duracion de varias horas, en
comparacion con los minutos que dura la vasopresina, por lo que no parece que tenga
ventajas sobre ésta, La terlipresina podria ser un agente alternativo cuando la

vasopresina no esté disponible [99, 100].

2.6.1.2.2 Inotropicos:

En los pacientes que permanecen hipotensos o tienen evidencia de perfusion organica
inadecuada a pesar de la optimizacion de fluidos y una dosis adecuada de norepinefrina
(aproximadamente 0,1 a 0,2 mg / kg / min), se recomienda una nueva evaluacion
hemodinamica para excluir la disfuncién ventricular. La disfuncion biventricular global ha
sido comunicada en hasta el 60% de los pacientes con shock séptico [101]. La mejor
alternativa para monitorizar la funcidon ventricular es la evaluacibn mediante
ecocardiografia y la confirmacién mediante monitores de gasto cardiaco minimamente
invasivos. La dobutamina en una dosis inicial de 2,5 mg / kg / min se recomienda en los
pacientes con disfuncién ventricular significativa [101]. Se considera a la dobutamina (
agonista) como el inotropico de eleccion para aumentar el GC, aunque también se usa

noradrenalina. Como ventajas tiene que produce menos taquicardia que el isoproterenol.
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A partir de dosis mayores de 20 ug/Kg/minuto hay un escaso beneficio. Puede mejorar la
perfusion capilar en pacientes con shock, independientemente de sus efectos sistémicos.
La dosis de dobutamina debe ajustarse a la respuesta hemodinamica segun lo
determinado por la monitorizacion del gasto cardiaco minimamente invasiva de forma

individual para asegurar una adecuada perfusion tisular [102].

Esta recomendacion esta en consonancia con las directrices de la campana “Sobrevivir a
la Sepsis”, que sugiere "una prueba de infusidon de dobutamina hasta 20 microgramos /
kg / min se debe de administrar o anadir a los vasopresores (si estdn en uso) en
presencia de (a) disfuncién miocardica sugerida por presiones elevadas de llenado y
bajo gasto cardiaco, o (b) signos continuos de hipoperfusion a pesar de alcanzar un
volumen intravascular adecuado y PAM adecuada (1C grado) " [44]. Estas
recomendaciones, sin embargo, difieren del protocolo del estudio EGDT, que sugiere el
uso de un agente inotropico basado en la PVC (8-12 mm Hg) y una saturacién venosa
central de oxigeno(ScV0O2) de <70% (sin una evaluacién de la funcién ventricular o el
rendimiento cardiaco) [57]. Bouferrache y colleagues[103] demostraron una pobre
correlacion en el uso de agentes inotropicos cuando el tratamiento se guia por
ecocardiografia transesofagica en comparacién con el protocolo del estudio EGDT en

pacientes con shock séptico.

Los inhibidores de la fosfodiesterasa Ill, como la milrinona y enoximona, tienen
propiedades inotrépicas y vasodilatadoras. Aumentan la disponibilidad de AMP ciclico.
Con ellos conseguimos reforzar los efectos de la dobutamina. Son utiles, por ejemplo,
cuando hay una disminucion de receptores p-adrenérgicos o en pacientes tratados con
beta-bloqueantes. Se debe tener precaucion en pacientes hipotensos, ya que debido a su
larga vida media (4 a 6 horas) es dificil ajustarlos justo al momento que lo necesitamos.

Por eso, se prefiere administrar pequefias dosis a perfusiones continuas [104]

Por ultimo, el levosimendan, que es un sensibilizador al calcio, con un mecanismo doble,
por un lado mejora la contractilidad miocardica por sensibilizar al calcio la troponina C y
por otro produce una vasodilatacion arterial y venosa mediante la activacién de los
canales de potasio sensibles al ATP de la fibra muscular lisa vascular. Aumenta el GC y
disminuye la presion capilar pulmonar, las resistencias vasculares pulmonares y las RVS.
Se le ha atribuido un efecto antiarritmico y ciertas propiedades para revertir el
aturdimiento miocardico. Tiene una vida media de varios dias que en algunos casos
podria limitar su uso en la practica en estados agudos de shock [105]. En estudios

recientes su uso podria estar asociado a una reduccion de la mortalidad [106].
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2.6.1.2.3 Vasodilatadores

Reducen la postcarga, por lo que aumentan el gasto GC sin incrementar las demandas
de oxigeno. El mayor riesgo es evidente, disminuyen la presion arterial y podrian
comprometer la presiéon de perfusion tisular. Sin embargo, el uso de nitratos en algunos

pacientes podria mejorar la perfusidon microvascular y la funcion celular [107].

2.6.2 OBJETIVOS DE SOPORTE HEMODINAMICO

2.6.2.1 Presion arterial

El objetivo principal de la resucitacion deberia ser no solo restaurar la presion arterial sino
también proporcionar el metabolismo celular adecuado, para lo cual la correccién de la

hipotension arterial es un requisito previo.

La PAM baja es un predictor fiable para el desarrollo de la disfuncién organica. Cuando la
PAM cae por debajo del umbral de autorregulacién de un érgano, el flujo sanguineo al
6rgano disminuye de forma casi lineal [108]. Debido a que los rangos de autorregulacion
del corazoén, el cerebro y los rifiones son de 60 mm Hg, si la PAM esta por debajo de
este nivel probablemente producira isquemia de 6rganos. Un analisis de una base de
datos grande de UCI demostré que el riesgo de lesion renal y la muerte aumentd de
forma pronunciada como la PAM cayé por debajo de 60 mm Hg [109] Varpula y
colleagues [110] estudiaron las variables hemodinamicas asociadas a la mortalidad en
pacientes con shock séptico. Estos investigadores calcularon el area bajo la curva (AUC)
de varios umbrales de PAM durante un periodo de tiempo de 48 h. Se encontré que los
valores mas altos de AUC se producian para una PAM de 65 mm Hg (ABC, 0,83; IC del
95%, 0,772-0,934). Debido a la desviacion en el rango de autorregulacion (a la derecha)
en pacientes con hipertension cronica, una PAM superior puede ser necesaria en estos

pacientes.

La restauracién de una presion arterial sistémica media de 65 a 70 mm Hg es un buen
objetivo inicial, pero el nivel se debe ajustar para restaurar la perfusion tisular,
evaluandolo sobre la base de signos clinicos como el estado mental, el aspecto de la piel,
y la diuresis. En pacientes con oliguria, en particular, los efectos de un aumento adicional
de la presion arterial en la diuresis deben evaluarse regularmente, a menos que ya se
haya establecido la insuficiencia renal aguda. A la inversa, una presion arterial media
menor de 65 a 70 mmHg puede ser aceptable en un paciente con hemorragia aguda que
no tiene grandes problemas neuroldgicos, con el objetivo de limitar la pérdida de sangre y

la coagulopatia asociada, hasta que se controle la hemorragia [7].
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En un analisis post hoc de los datos del grupo control de un ensayo multicéntrico que
incluye 290 pacientes con shock séptico, los niveles de PAM de 70 mmHg o superior no
parecen estar asociados con una mejor supervivencia en la mortalidad del shock séptico
[111]La mortalidad aumenta cuando el objetivo de PAM es > 70 mmHg con el aumento
de la dosis de vasopresores, lo que sugiere que una hipoperfusion oculta puede existir en
ausencia de hipotension. Por tanto, es prudente evaluar los objetivos de presion arterial
en el contexto de flujo y la perfusion tisular, ya que los pacientes con niveles altos de
lactato y sin hipotension puede tener una mayor mortalidad que los pacientes que se

presentan con hipotension y niveles normales de lactato [112].

En 2014, un ensayo controlado aleatorio se realiz6 en 29 centros en Francia para re-
examinar el objetivo de PAM alta o baja en pacientes con shock séptico [113]. El ensayo
también tratd6 de determinar si un subgrupo de pacientes con hipertension cronica se
beneficiaba del tratamiento con un objetivo PAM de 80 a 85 mm Hg. Los Investigadores
no encontraron diferencias significativas en la mortalidad entre los pacientes tratados con
un objetivo de PAM baja frente al objetivo de PAM alta. También encontraron que la
incidencia de fibrilacién auricular fue significativamente mayor entre los del grupo de alto
PAM en comparacion con el grupo de baja PAM (6,7% frente a 2,8%, p = 0,02). Por otra
parte, al igual que el estudio de Varpula [110], el tiempo por debajo del umbral de 65 mm
Hg (pero no 80 mm Hg) fue un predictor independiente de muerte. Los investigadores
demostraron que los pacientes con hipertension crénica que fueron tratados con un
objetivo PAM superior fueron significativamente menos propensos a requerir terapia de
reemplazo renal, pero no tenian una supervivencia mayor en comparacion con el grupo
de baja PAM. Estos hallazgos apoyan que el objetivo de PAM debe de ser de 65 mm Hg
en la mayoria de los pacientes con shock séptico y sugieren que probablemente la
consecucion de un objetivo mayor de PAM (75 a 80 mm Hg) puede disminuir la

morbilidad entre las personas con hipertensién cronica [7].

2.6.2.2 Gasto Cardiaco y Transporte de Oxigeno: Perfusion Tisular

La piedra angular de la reanimacion es la optimizacién de las variables hemodinamicas
para lograr un equilibrio entre el aporte de oxigeno y el consumo. La hipoxia tisular puede
desarrollarse debido a una presion de perfusion baja y al flujo sanguineo deficiente. Esto
puede agravarse aun mas por la existencia de shunts vasculares y alteraciones
metabdlicas [114]. Como el shock circulatorio representa un desequilibrio entre el aporte y
requerimientos de oxigeno, el mantenimiento del aporte de oxigeno adecuado a los

tejidos es esencial, pero todas las estrategias para lograr este objetivo tienen
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limitaciones. Después de la correccion de la hipoxemia y la anemia severa, el gasto
cardiaco es el determinante principal de suministro de oxigeno, pero el gasto cardiaco
6ptimo es dificil de definir. El gasto cardiaco se puede medir por medio de diversas

técnicas, cada una de las cuales tiene sus propias ventajas e inconvenientes [115].

Las mediciones absolutas de gasto cardiaco son menos importantes que el seguimiento
de las tendencias en la respuesta a las intervenciones, tales como un fluid challenge. La
focalizacion en un gasto cardiaco predefinido no es aconsejable, ya que el gasto cardiaco

gue se necesita variara entre los pacientes y en el mismo paciente con el tiempo [7].

Los marcadores de perfusion tisular como la saturacion venosa central de oxigeno
(ScvOy,), la saturaciéon de oxigeno venosa mixta (SvO;) y el lactato tienen valor como
indices hemodinamicos globales en la evaluacion de la adecuacién del equilibrio entre la

demanda y el suministro de oxigeno y en la interpretacion del gasto cardiaco [116].

La SvO, normalmente se reduce en pacientes con estados de bajo flujo o anemia, pero
es normal o alta en los pacientes con shock distributivo. Su sustituta, la saturacion de
oxigeno venosa central (ScvO;), que se mide en la vena cava superior por medio de un
catéter venoso central, refleja la saturacion de oxigeno de la sangre venosa solo de la
mitad superior del cuerpo. En circunstancias normales, ScvO, es de 2 a 3% menor que
SvO,, pero en pacientes criticamente enfermos es a menudo mayor, aproximadamente
un 5%, aunque los cambios en los valores ScVO, son paralelos a los de SvO, [117]. La
terapia dirigida por ScvO, en los pacientes con sepsis grave o shock séptico ha

demostrado que mejora la supervivencia [118].

Rivers et al. [57] encontraron que en los pacientes que acuden al servicio de urgencias
con shock séptico, un algoritmo de tratamiento dirigido a alcanzar una ScvO, de al menos
el 70% durante las primeras 6 horas se asocié con una disminucion de las tasas
mortalidad. La solidez de este hecho ha sido recientemente refutada en tres ensayos
clinicos randomizados en los que la aplicacién de un protocolo de terapia por objetivos en
la sepsis no se asocio a disminucion de la mortalidad comparada con el grupo control y

se asoci6é con un mayor consumo de recursos [119].

La validez de la medicién de SVO, y ScvO, en pacientes sépticos criticamente enfermos
tiene limitaciones. En presencia de disfuncién mitocondrial inducida por sepsis la relacién
de extraccion de oxigeno (ERO,) no coincide con el consumo de oxigeno (VO;) a pesar

un adecuado DO, [120] derivado de la aparicion de metabolismo anaerdbico. Durante
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tales circunstancias, la SvO;, y SvcO, pueden ser normales o elevadas. En los pacientes
con sepsis grave, una SvO, elevada o normal no excluye una respuesta de fluidos

positiva [121] o una reanimacion inadecuada.

En estos casos la diferencia en el dioxido de carbono en la sangre arterial y sangre
venosa mixta (o central) (CO.gap) puede proporcionar informacion adicional sobre la
suficiencia o insuficiencia del flujo [122].

En las ultimas etapas de la sepsis, una SvO; elevada puede asociarse con un aumento
en la mortalidad [123]. Ademas, el SvcO, y SvO, pueden no reflejar el balance de

oxigeno de los 6rganos individuales en pacientes con sepsis grave [124].

2.6.2.2.1 Nivel de Lactato

En pacientes en estado critico, el acido lactico es un subrogado de la inadecuada
oxigenacion de los tejidos, con una estrecha relacion entre el grado de hiperlactatemia y
la mortalidad [125]. Un aumento en el nivel de lactato en sangre refleja una funcién

celular anormal.

En los estados de bajo flujo, el principal mecanismo de hiperlactatemia es la hipoxia
tisular con el desarrollo del metabolismo anaerdbico, pero en estado de shock distributivo,
la fisiopatologia es mas compleja y también puede implicar el aumento de la glucdlisis y
la inhibicion de la piruvato deshidrogenasa. En todos los casos, las alteraciones en el

aclaramiento puede ser debidas a la insuficiencia hepatica [7].

El valor de las mediciones de lactato de forma seriada en el tratamiento del shock ha sido
reconocido desde hace mas de 30 afios [126]. El nivel de lactato, por tanto, ha sido
propuesto como un objetivo en la terapia dirigida por objetivos para la sepsis temprana
[124].

A pesar de que los cambios en el lactato se llevan a cabo mas lentamente que los
cambios en la presion arterial sistémica o del gasto cardiaco, el nivel de lactato en sangre
debe disminuir en un periodo de horas con la terapia eficaz. La EDGT guiada por el
aclaramiento temprano de lactato (dentro de las primeras 6 h después de la presentacién
de la sepsis) se asocia con una reduccion en la tasa de mortalidad a los 60 dias para los
pacientes sépticos [127] y no es inferior a SvcO, como diana terapéutica [128]. En los
pacientes con shock y un nivel de lactato en sangre de mas de 3 mmol por litro, Jansen et

al [107] encontraron que el objetivo de una disminucion de al menos 20% en el nivel de
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lactato en sangre durante un periodo de 2 horas parecia estar asociada con una

reduccion de la mortalidad hospitalaria.

2.6.2.3 Variables de Microcirculacion

Aunque las principales terapias para el tratamiento de la sepsis se dirigen
tradicionalmente a corregir alteraciones macrovasculares y la perfusion tisular, el papel
de la microcirculacion es cada vez mas importante. Un nimero significativo de pacientes
pueden llegar a desarrollar sepsis grave o disfuncién organica multiple a pesar de la
correccion de la inestabilidad cardiovascular, teniendo en cuenta que la disfuncién de la
microcirculacién conduce a la hipoxia tisular a pesar de la entrega de oxigeno global
normal o elevada. Nuevos métodos de seguimiento de la microcirculacion, como las
imagenes de campo oscuro y la espectroscopia de infrarrojos son técnicas prometedoras
[124].

El desarrollo de dispositivos manuales de polarizacion espectral ortogonal (OPS) de
imagen y su sucesora, la imagen de corriente lateral de campo oscuro (SDF), estan
proporcionando nuevos medios de visualizar directamente la microcirculacién y la
evaluacion de los efectos de las intervenciones en el flujo de la microcirculacion en

superficies de facil acceso, tales como el area sublingual [129].

Los cambios en la microcirculacion, incluyendo disminucién de la densidad capilar, una
proporcion reducida de capilares perfundidos, y el aumento de la heterogeneidad del flujo
sanguineo, se han identificado en diversos tipos de shock circulatorio y la persistencia de
estas alteraciones estan asociadas con peores resultados clinicos [130]. Asimismo los
cambios de la microcirculacion son mas pronunciados en los no sobrevivientes de sepsis

severa que en los supervivientes[131].

Entre los pacientes con sepsis reanimados con un protocolo de terapia dirigida por
objetivos, el aumento en el indice de flujo microcirculatorio estd asociado con la
reduccion de la disfuncion multiorganica a las 24 h sin diferencias sustanciales en la
hemodinamica global, lo que sugiere que la microcirculacion puede ser un objetivo

terapéutico potencial [132].

Después de la fase temprana aguda de la sepsis en la que se requiere una
administracion agresiva de fluidos, la fluidoterapia intravenosa suplementaria tiene poco
impacto en la hemodinamica. Dentro de la microcirculacion, las técnicas de imagen han

demostrado tendencias similares. Un estudio realizado por Opsina-Tascon usando SDF
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ilustra que la administracion de fluidos durante la fase temprana de la sepsis se asocio
con un aumento en el flujo de la microcirculacion, mientras que la administracion de fluido
tardia (definida como 48 horas después del diagnéstico de la sepsis grave) no mostro

mejoria [114].

La oxigenacion de los tejidos se puede medir de forma no invasiva mediante
espectroscopia de infrarrojo (NIRS) [124]. La Espectroscopia de infrarrojo cercano es
una técnica que utiliza luz infrarroja para determinar la saturacion de oxigeno en los
tejidos de las fracciones de la oxihemoglobina y desoxihemoglobina. Los analisis de los
cambios en la saturacién de oxigeno del tejido durante un breve episodio de isquemia en

el antebrazo se puede utilizar para cuantificar la disfuncién microvascular [133].

Los pacientes con sepsis grave tienen mayor tiempo de recuperacion de la saturacion de
oxigeno tisular tras el test de oclusion y menores valores de consumo de oxigeno locales
derivados del NIRS en comparacion con voluntarios y las alteraciones encontradas se

asocian con peores resultados clinicos [134].

La administracién de vasopresores orientada a la consecucion de una PAM superior a 65
mmHg en pacientes con shock séptico se asocia con una mejora de las variables NIRS
medidos a nivel de la eminencia tenar [86]. Aunque diversas intervenciones terapéuticas
han demostrado tener un efecto sobre estas variables de microcirculacion, si la terapia
guiada por la monitorizacion o la mejora de la microcirculacion pueden mejorar los
resultados clinicos requieren un mayor estudio y no se pueden recomendar en este

momento [7].

2.7 PRIORIDADES TERAPEUTICAS Y OBJETIVOS

Existen esencialmente cuatro fases en el tratamiento del shock, y los obijetivos
terapéuticos y el seguimiento deben adaptarse a cada fase [127].

En la primera fase (de rescate), el objetivo del tratamiento es lograr una presion arterial y
el gasto cardiaco minimo compatible con la supervivencia inmediata. Se necesita una
monitorizacion minima; en la mayoria de los casos, la monitorizacion invasiva se puede
restringir a catéteres arteriales y catéteres venosos centrales. Se necesitan
procedimientos que salvan vidas (por ejemplo, la cirugia en el trauma, el drenaje
pericardico, revascularizacién en el infarto de miocardio agudo, y antibidticos en la

sepsis) para tratar la causa subyacente [7].
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Tabla 7 adaptada de Vincent Jal NEJM2013 [7]

) :
2 Obtener una Proporcionar Proporcionar Destete de
:‘ presion arterial un adecuado soporte agentes
-'3 aceptable aporte de organico vasoactivos

= oxigeno

()

8

= Aplicar Optimizar Minimizar Alcanzar un
‘;‘01 medidas gasto cardiaco, complicaciones balance de

-8 de resucitacion Svo,, lactato fluidos negativo

Figura. Cuatro fases en el tratamiento del shock.

La fase de rescate se centra en lograr una presién arterial y un gasto cardiaco
compatible con la supervivencia inmediata y procedimientos que salvaguarden
la vida para tratar la causa subyacente de shock. El enfoque de la fase de
optimizacion consiste en favorecer la disponibilidad de oxigeno celular y
monitorizar el gasto cardiaco, la saturacion venosa mixta de oxigeno (SvO2), y
los niveles de lactato. La fase de estabilizacion se centra en la prevencion de la
disfuncion de 6rganos, incluso después de alcanzar la estabilidad
hemodindmica. La fase de desescalada se centra en el destete del paciente de
agentes vasoactivos y los tratamientos encaminados a lograr un equilibrio de
fluidos negativo.

En la segunda fase (optimizacién), el objetivo es aumentar la disponibilidad de oxigeno
celular, teniendo en cuenta que existe una estrecha ventana terapeutica en las
intervenciones dirigidas a la mejoria del estatus hemodinamico [7]. La adecuada
reanimacién hemodinamica reduce la inflamacién, la disfuncidbn mitocondrial y la
activacion de las casposas [135]. Las mediciones de SvO; y los niveles de lactato pueden

ayudar a guiar la terapia y la monitorizacion del gasto cardiaco debe ser considerado.

En la tercera fase (estabilizacion), el objetivo es prevenir la disfuncion de érganos, incluso
después de que se haya logrado la estabilidad hemodinamica. El suministro de oxigeno a

los tejidos ya no es el problema clave, y el apoyo de érganos se hace mas relevante [7].

Por dltimo, en la cuarta fase (desescalada), el objetivo es destetar al paciente de agentes
vasoactivos y promover poliuria espontanea o provocar la eliminacion de liquidos a través

del uso de diuréticos o ultrafiltracién para lograr un equilibrio de liquidos negativo [7].

2.7.1 TERAPIA POR OBJETIVOS

El desarrollo de la disfuncion multiorganica es a menudo el resultado de la hipoperfusion,
la cual afecta gravemente a los resultados clinicos de los pacientes médicos y quirdrgicos

e incrementa sustancialmente la utilizacion de los recursos y los costes [136]. Por lo
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tanto, el uso de estrategias tempranas y eficaces para detectar hipoperfusion tisular y
para tratar el desequilibrio entre el consumo y el transporte de oxigeno son de particular
importancia [137]. Los criterios de valoracion tradicionales, tales como la frecuencia
cardiaca, la presion arterial, el estado mental y la produccién de orina, pueden ser utiles
en la identificacion inicial de una perfusion inadecuada, pero estan limitados en su

capacidad para identificar el shock en curso cuando esta compensado.

Por lo tanto, puede ser necesaria una evaluacibn mas detallada de los indices
macrohemodinamicos globales, tales como el gasto cardiaco y las variables derivadas y
la medicion del suministro y la extraccion de oxigeno, para guiar el tratamiento [138].
Ademas, después de la optimizacion de estos parametros, también deben ser evaluados

los indicadores de la perfusion tisular para verificar la eficacia de la terapia [139].

Este enfoque multimodal se puede traducir en el uso individualizado de los objetivos
para la estabilizacion hemodinamica en lugar de tratar los valores "normales", y puede
ayudar a lograr el suministro de oxigeno adecuado y la oxigenacion de los tejidos con el

fin de evitar la sub o sobre-reanimacién, las cuales son igualmente deletéreas.

2.7.1.1 Terapia por objetivos en la sepsis

La monitorizacion hemodinamica es una herramienta importante en el manejo de la
sepsis grave y shock séptico. Permite la realizacion de una estrategia eficaz de
reanimacién (fluidoterapia intravenosa, soporte vasoactivo y soporte inotropico) y la
evaluacion de la respuesta a estas intervenciones en funcién del tiempo. En la primera
fase, la monitorizacién hemodinamica guia la administracion de liquidos para optimizar la

perfusion tisular sin causar sobrecarga de liquidos perjudiciales o "circutrauma".

La inestabilidad hemodinamica durante la fase de reanimacion temprana de shock
séptico es a menudo la consecuencia de una precarga reducida y deterioro cardiaco. Los
cambios fisiopatoldgicos se caracterizan por una profunda vasodilatacién debido a las
deficiencias relativas en mediadores vasoactivos y el aumento de 6xido nitrico. Esto se
traduce en una reduccion del retorno venoso y del gasto cardiaco , a menudo confundido
por la disfuncién mitocondrial asociada a la endotoxina en los miocitos. Las

intervenciones hemodinamicas ayudan a restaurar la perfusion tisular [124].
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Si se inicia precozmente un tratamiento agresivo en la fase temprana, se pueden
prevenir la insuficiencia organica mdultiple y muerte. La terapia temprana dirigida por
objetivos (EGDT) es un enfoque sistematico para lograr los objetivos fisiologicos
predefinidos, optimizar la precarga, postcarga y contractilidad cardiaca para asegurar la
adecuada perfusion tisular. Los objetivos hemodinamicos pueden incluir marcadores de la
perfusion tisular o variables hemodinamicas (incluyendo ScvO,, lactato, y el indice
cardiaco). [57, 107, 128].

La EGDT ha demostrado reducir la mortalidad cuando se inicia en la fase temprana de la
sepsis. Cuando se inicia de forma temprana al ingreso en la UCI, el uso de obijetivos
claramente definidos (incluyendo la presién arterial media (PAM) y la produccion de orina)
y la utilizacion de un algoritmo de tratamiento se asocian con una reversion mas rapida
del shock persistente y una disminucion en las tasas de mortalidad de la UCI y del
hospital en comparacion con los pacientes no tratados con la terapia dirigida por objetivos
[140].Sin embargo estudios recientes aplicando protocolos similares al propuesto por

Rivers no han corroborado estos resultados [119].

El tratamiento del shock séptico es critico en el tiempo, y la terapia dirigida por objetivos
(GDT) puede no ser eficaz una vez que la disfuncién de érganos esta establecida [141].

El manejo hemodindmico de la fase en curso de la sepsis no esta bien establecido.
Durante esta fase, no hay evidencia de que la GDT sea beneficiosa. Un estado de
respuesta positiva a los fluidos no siempre significa que sea necesario la administracion
de liquidos, y un balance acumulado positivo de liquidos es un factor predictor

independiente de mortalidad [142].

Entre los pacientes con sindrome de distrés respiratorio del adulto (SDRA), un enfoque
"conservador" para la administracion de liquidos esta asociado con mejor oxigenacion,
aumento en el numero de dias sin ventilador y la reduccién de la duracion de la estancia

en la UCI sin ningun efecto adverso sobre otra funcidn organica [143].
Esto pone de relieve la importancia de un enfoque diferente para la gestién de fluidos en
la fase de reanimacién temprana y la fase establecida de sepsis grave y shock séptico.

2.7.1.2 Valoracion de la Precarga. Fluid responsiveness

La PVC refleja la presién auricular derecha y se ha utilizado durante muchos afos como
un indice de la precarga. El valor predictivo de la PVC como subrogado de la precarga es

ampliamente debatido, sin evidencia concluyente que demuestre su fiabilidad. Un
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reciente meta-analisis de la evaluacién del valor absoluto de la PVC y el cambio de PVC
(delta PVC) para predecir la respuesta de fluidos reporté un pobre valor predictivo para
ambos parametros [144]. Estudios posteriores utilizando la PVC como un obijetivo de la
reanimacioén con liquidos confirmaron la pobre correlacion entre los valores de PVC y
otros objetivos de reanimacion [145]. A pesar de esto, una PVC de 8-12 mmHg se fijo
como objetivo hemodinamico de EGDT en el estudio de Rivers, y ha sido posteriormente
incorporado a las Guias clinicas de la Campafna Sobrevivir a la Sepsis [44]. Otra de las
razones por las que mediciones de la PVC se han incluido en las recomendaciones del
Consenso Internacional es que pueden ser mas faciles de obtener que los indices de

gasto cardiaco antes del ingreso en la UCI [5].

2.7.1.3 Fluid challenge

El fluid challenge deberia de ser considerado en aquellos pacientes con marcadores de
perfusion organica inadecuada. El fluid challenge intenta optimizar el estado del volumen
circulante y por lo tanto aumentar el volumen sistélico, el gasto cardiaco y el transporte
global de oxigeno. Con el advenimiento de la monitorizacion hemodinamica mas
sofisticada, la capacidad de respuesta de la precarga deberia de ser testada
directamente en lugar de depender de la PVC como indicador de precarga. Se debe de
considerar la utilizacion de los métodos de evaluacion de la capacidad de respuesta de la
precarga, incluyendo el fluid challenge, las interacciones corazén-pulmoén, y la elevacion

pasiva de las piernas [124].

La prediccion de la respuesta a fluidos utiliza variables hemodinamicas para pronosticar
si el SV o el gasto cardiaco (GC) se incrementaran si se les da un bolo de fluidos. La
capacidad de respuesta al volumen se ha definido arbitrariamente como un incremento
215% del gasto cardiaco en respuesta a un bolo de 500 ml de liquidos [1486].
Alternativamente la utilizacién de un volumen de fluidos mas pequefio administrados mas
rapidamente puede evaluar la capacidad de respuesta al fluido. La administracién de 100
ml en alrededor de 1 min ha demostrado ser igualmente eficaz en la evaluacién de la
respuesta a los fluidos [146, 147].Como sélo el 50% de los pacientes criticamente
enfermos responden a un fluid challenge, la prediccion de que pacientes seran

respondedores es importante [148].

2.7.1.4 Interacciones Corazén Pulmoén

La variacion de la presién del pulso (VPP), la variacion del volumen sistélico (SVV) y la
variaciéon de la presion sistélica (SPV) se ven afectados por los cambios en la precarga.

La minima variacion normal en la precarga que se produce por el cambio de la presién
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intratoracica durante la ventilacion es exagerada en momentos de hipovolemia y / o
disminucion del retorno venoso (interacciones corazén-pulmoén) [149]. Los estudios han
validado la SVV, PPV y SPV en la evaluacion de deplecion intravascular y la respuesta a
fluidos [124]. En comparacién con los indices estaticos tradicionales de respuesta al
volumen, los cambios dinamicos de las variables derivadas de la onda arterial son
mucho mas precisos en la prediccién de la capacidad de respuesta al volumen en los

pacientes criticos en ventilacion mecanica [148] .

Sin embargo, las presiones intratoracica y volumenes corrientes (Vt) tienen que ser
idealmente uniformes, lo que requiere que el paciente sea mecanicamente ventilado
(idealmente con Vt de 8 ml / kg) y estar en ritmo sinusal. En ausencia de estas

condiciones se reduce la exactitud de estos indices dinamicos [124].

2.7.1.5 Elevacion Pasiva de Piernas

Un enfoque alternativo para la realizaciéon de un fluid challenge es utilizar una maniobra
de elevacion pasiva de piernas, que resulta de forma efectiva en una auto-transfusion
como un medio de evaluar la respuesta a los fluidos (fluid responsiveness).[150] La
elevacién de las piernas desde la posicion horizontal produce una transferencia
gravitacional de la sangre desde las extremidades inferiores hacia el compartimento
intratoracico. Esto se traduce en un aumento de la precarga cardiaca. Ademas de su
simplicidad, el efecto reversible una vez que las piernas se vuelven a colocar en el plano

horizontal tiene sus ventajas claras.

Los cambios inducidos por la elevacion pasiva de piernas en el gasto cardiaco pueden
predecir de forma fiable la respuesta a los fluidos independientemente del modo de
ventilacion vy el ritmo cardiaco. Los cambios inducidos por la elevacion pasiva de piernas
sobre el gasto cardiaco (area bajo la curva operador receptor [AUC] 0.95) tienen un valor
predictivo significativamente mayor que los cambios inducidos por este método en la
presion del pulso (AUC 0,76) en la prediccion de la respuesta a fluidos (fluid

responsiveness). [150]

2.7.1.6 Resucitaciéon Multimodal: El puzzle hemodinamico

Existe una gran evidencia de que los parametros convencionales, tales como la presién
arterial, presion venosa central (PVC) y la frecuencia cardiaca son malos indicadores del
indice cardiaco (IC) o del DO, [144, 151]. También hay una evidencia creciente de que,
por ejemplo, en cirugia de alto riesgo, los algoritmos de atencion perioperatorios basados

en la monitorizacion hemodinamica avanzada son beneficiosos [152-154]. Existen
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muchos objetivos hemodinamicos sin que se haya aceptado ninguno de ellos como el

gold-standard de este puzzle hemodindmico. (Fig. 9).

Tissue perfusion

Figura 9: El Puzzle Hemodindmico. Adaptada de Tanczos K [161].

2.7.1.6.1 Resucitacion basada en el flujo

Hay varios dispositivos disponibles comercialmente para la medicion del flujo sanguineo.
El gasto cardiaco y las variables derivadas de este pueden determinarse por varios
métodos: Termodilucidn con un catéter en la arteria pulmonar (CAP), la dilucién
transpulmonar con un indicador (PiCCO®, LiDCO®, VolumeView®); dispositivos menos
invasivos, no calibrados que utilizan el analisis de contorno de pulso de la sefial de la
presion arterial (Vigileo®, ProAQT®); y Doppler esofagico [155]. Cada monitor tiene sus
ventajas e inconvenientes y se pueden utilizar en la mayoria de escenarios clinicos si los

principios subyacentes y las limitaciones inherentes se conocen bien.

2.7.1.6.1.1 Gasto cardiaco/Volumen sistélico como objetivo de resucitacion.

Varias investigaciones clinicas han sugerido que la optimizacién del gasto cardiaco
calculado a partir de termodilucion o el analisis del contorno del pulso, y utilizado como un
objetivo terapéutico, parece apropiado para supervisar y monitorizar las estrategias
hemodinamicas dirigidas por objetivos, y se ha demostrado que esta aproximacion tiene
efectos positivos en el resultado global después de la cirugia [156][157]. Sin embargo, no
hay consenso sobre un parametro universalmente aceptado como objetivo en la

reanimacion.

En experimentos recientes con animales, se han probado los efectos de la resucitacion

con liquidos en el shock hemorragico teniendo como objetivo el gasto cardiaco y el
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volumen sistélico [158]. Después de las mediciones iniciales, los animales se sangraron
hasta que el indice cardiaco ClI (n = 9) o el indice SV (SVI-grupo, n = 12) se redujeron en
50%; las mediciones se repitieron (t;), después de lo cual los animales fueron resucitados
durante 60 minutos con solucién de Ringer lactato hasta que los valores SVI /IC

alcanzaron la linea de base y a continuacion, se registraron las mediciones finales(t_ ).

En los experimentos, los objetivos de Cl y SVI se alcanzaron en t  y t_ por igual, en el

grupo ClI, todos los parametros cambiaron significativamente durante la fase de
hemorragia, como se esperaba, sin embargo, el SV, el volumen diastélico final global
(GEDV), y la saturacion venosa central de oxigeno (ScvO,;) se mantuvieron
significativamente mas bajas, mientras que la variacion SV (SVV) y la diferencia veno
arterial de CO; (P (cv-a) CO,) fueron significativamente mayores al final de la reanimacién
comparado con los valores iniciales, lo que indica que la reanimacion con liquidos podria
haber sido insuficiente y la normalizacion de Cl se debié principalmente a la frecuencia
cardiaca persistentemente elevada, en lugar de a la restauracion del volumen de sangre
circulante [159][160].

En contraste, en el grupo de SVI, aunque hubo cambios similares al grupo de IC durante
la fase de sangrado , los valores de SV, SVV, ScvO, y P (cv-a) CO, al final del
experimento, mejoraron significativamente o volvieron a su linea de base. Aunque la
ScvO; volvié al intervalo normal al final del experimento, se mantuvo significativamente
mas baja que en la linea base con una diferencia promedio de 5%, lo que posiblemente
sea debido a una disminucién relacionada con la hemodilucion en el transporte de
Oxigeno. Por lo tanto, es importante tener en cuenta que el uso de valores de referencia
de ScVO, como un objetivo de reanimacion, por ejemplo, en el periodo intraoperatorio,

puede producir sobrecarga de liquidos al final de la cirugia [160].

En conclusion, en estos experimentos, el algoritmo basado en SVI resulté en mejores
indices hemodinamicos y de oxigenacién en comparacion con el enfoque basado en el
Cl. Este ultimo, se vio afectado principalmente por el ritmo cardiaco elevado,
posiblemente debido a la respuesta simpatica producida por la hemorragia. Por lo tanto,
la normalizacion de CI| puede enmascarar condiciones de hipovolemia, cuando esta
presente una fuerte activacion simpatica, como ocurre en la hemorragia aguda. También
es importante tener en cuenta que los parametros convencionales, tales como la
frecuencia cardiaca y la presion arterial media, no siguieron a los cambios en el SVI; por

lo tanto, estos resultados no apoyan el uso rutinario de estas medidas como objetivos de
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reanimacién [161]. Estas observaciones estan de acuerdo con varios estudios clinicos

recientes [151].

2.7.1.6.1.2 Variacién del Volumen Sistélico y Variacion de la Presién de Pulso como
objetivos de reanimacion

Recientemente, se han introducido dispositivos menos invasivos que evaluan el gasto
cardiaco mediante analisis de contorno de pulso basada en la sefial de presion de la
arteria radial. Aunque estos dispositivos muestran menor precision en comparacion con el
gold standard de la termodilucion, existe alguna evidencia de que estos métodos pueden
mostrar adecuadamente los cambios en la tendencia del gasto cardiaco [148]. Como PPV
y SVV son buenos indicadores de la respuesta de fluidos [148] , estos dispositivos
parecen ser alternativas simples y utiles a la monitorizacion hemodinamica invasiva. Por
otra parte, en varios estudios, la terapia de fluidos guiada por SVV y PPV demostré ser
mas precisa que enfoques basados en indicadores estaticos de la precarga y ademas se
ha demostrado que su utilizacion en algoritmos de manejo hemidnamico mejoran los
resultados clinicos de los pacientes [144]. Sin embargo, el uso de PPV y SVV se limita a
los pacientes que estan en ventilacion mecanica sin esfuerzos espontaneos y no tienen

arritmias [162].
2.7.1.6.1.3 Diferencia Veno-Arterial de COo como objetivo terapéutico.

Varios autores han encontrado un aumento de la P (cv-a) de CO; en diferentes estados
de bajo flujo[163, 164]. En la deuda de oxigeno que produce metabolismo anaerdbico, los
iones de hidrégeno se generan de dos maneras: 1) La hidrdlisis del trifosfato de
adenosina a difosfato de adenosina y 2) aumento de la produccion de acido lactico [165].
Estos iones de hidrogeno estan tamponados por el bicarbonato presente en las células,
un proceso que va a generar la produccién de CO, [166]. Aunque PaCO, arterial es
variable y dependiente del intercambio de gases en el pulmén, la PvCO, venosa central
es dependiente de la capacidad del flujo (es decir, el gasto cardiaco) para lavar el CO; de
los tejidos. El principio de Fick adaptado a dioxido de carbono, demuestra la relacién

inversa entre el gasto cardiaco y P (cv-a)CO2 [167].

Por lo tanto, se ha postulado que el aumento de P (cv-a) CO; refleja la disminucion del
flujo. Se ha demostrado que en la sepsis, la insuficiencia cardiaca, y la hipovolemia
severa, la P (cv-a) CO, puede aumentar [168]. En un estudio experimental animal
comparando dos estrategias de reanimacién, la P (cv-a) CO, volvid a su valor de

referencia inicial en el grupo de SVI, existiendo una fuerte correlacion significativa entre P
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(cv-a) de CO, y SVI [160]. Por otra parte, la adicion de la P (cv-a) de CO, a la ScvO; para
identificar aquellos casos en los que el VO2 / DO2> 30% mejoraba la especificidad y los

valores predictivos positivos y negativos.[169]

En situaciones (por ejemplo, sepsis severa) en las que la extraccion de oxigeno es
insuficiente debido a defectos en la microcirculacion y / o en las mitocondrias, la ScvO,
puede estar elevada (es decir, falsos negativos). En tales circunstancias, el aumento del
valor de P (cv-a) CO, (> 5 mmHg), puede ayudar al clinico en la deteccion de una DO,
inadecuada a los tejidos, por lo tanto, se recomienda el uso complementario de ScvO; y
P (cv-a) CO, [159].

2.7.1.6.2 Resucitacion basada en la Extraccion de Oxigeno

Como ya hemos comentado, tal vez el método mas comunmente utilizado para evaluar
de forma global VO, / DO, es la medicion de la SvO; y su subrogado, ScvO,. La ScvO; es
facil de obtener a través del catéter venoso central ya colocado en la mayoria de los
pacientes en estado critico y se utiliza a menudo como un indicador del equilibrio entre el
suministro y el consumo de oxigeno. Debido a los diferentes niveles de medicion (el
cuerpo entero en el caso de SvO; frente al cerebro y la parte superior del cuerpo con
ScvO;) ha habido un debate considerable acerca de la interpretacion del valor de la
ScVO; en comparacion con la SvO,. Aunque los ensayos clinicos recientes, sobre todo
en pacientes sépticos, no muestran una relacién satisfactoria entre ScvO, y SvO,. Esta
observaciéon puede explicarse en parte por las modificaciones de la distribucion del flujo
sanguineo y la extraccién de oxigeno por el cerebro y el area esplacnica [170]. Parece
que ScvO; y SvO;, no son numéricamente equivalentes, pero las variaciones en estos dos

parametros se producen por lo general de manera paralela [171].

Los principales factores que influyen en la ScvO, son la hemoglobina, Sa0O,, el gasto
cardiaco y VO,. Tedricamente, si tres de estos factores se mantienen constantes, el valor
de ScvO; refleja los cambios en VO,. Los multiples factores fisioldgicos, patolégicos y

terapéuticos que influyen en la saturacién venosa de oxigeno se resumen en la Fig. 9
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Figura 9 Factores que influyen en los niveles de SvO,

Una de las caracteristicas importantes de la saturacion venosa es que puede ser
patoldgica, tanto cuando esta alta como cuando sus valores son bajos. En gran cohorte
reciente de pacientes sépticos atendidos en el servicio de urgencias, se encontré que la
mortalidad fue del 40% en los pacientes ingresados con un ScvO, <70%, pero de igual
forma era casi tan alta, el 34%, en aquellos pacientes con valores iniciales altos de
ScvO, > 90%, probablemente debido a un fallo en la utilizacion del oxigeno ([172]. Los
valores altos ScVO; en los pacientes con sepsis, pueden por lo tanto, representar una
incapacidad de las células para extraer oxigeno o un shunt de la microcirculacion [173].
Por ello, son necesarias medidas adicionales para ayudar a evaluar los valores de ScvO,
altos, como por ejemplo, P (cv-a)CO,, o el uso de la monitorizacién hemodinamica

avanzada invasiva.

2.7.1.6.2. Objetivos de Oxigenacién Tisular a Nivel Microcirculatorio

Como ya hemos expuesto, el lactato como producto final del metabolismo anaerdbico,
ha sido investigado en profundidad en la enfermedad critica en los ultimos decenios.
Tiene un buen valor prondstico en varios escenarios clinicos, incluyendo trauma, sepsis,

y los pacientes quirurgicos de alto riesgo[174]

Parece como ya hemos citado que son los cambios de los niveles de lactato en el tiempo
(determinado por la produccién y el aclaramiento) los que representan un mejor marcador

de la reanimacién adecuada y el resultado clinico[175].
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Sin embargo, la cinética de lactato es evaluada normalmente entre la 2 a 6 hora, lo cual
puede ser considerado como demasiado tiempo teniendo en cuenta que la reanimacién
aguda debe llevarse a cabo tan pronto como sea posible. De hecho, en experimentos
con animales, el lactato se mantuvo elevado significativamente al finalizar la reanimacion
mientras que la ScvO,, P (cv-a)CO; y SVI habian vuelto a la normalidad [160]. Estos
resultados sugieren que estos ultimos parametros son marcadores mas rapidos de la
adecuada reanimacién que los valores absolutos de lactato. Ademas, en los niveles altos
de lactato en estos experimentos al finalizar la reanimacion podrian indicar una
resucitacion inadecuada, pero que si se hubiera tratado, habria inevitablemente
conducido a la sobrecarga de liquidos. Sin embargo, en los experimentos hubo una
disminucion casi del 10% en los niveles de lactato dentro de los primeros 60 minutos, que
deben considerarse como un valor razonable de disminucion de los niveles de lactato en
un corto periodo de tiempo. Por lo tanto estos hallazgos proporcionan apoyo adicional a
la idea de que se debe de seguir como objetivo de reanimacioén la cinética de lactato en

lugar de los valores absolutos [161].

Resolver el rompecabezas hemodinamico en nuestros pacientes es un reto diario ya
que existen varios indices hemodinamicos que pueden utilizarse como objetivos y estan
relacionados entre ellos. Sin embargo, independientemente de qué dispositivo se utiliza,
hay que recordar que no es, y nunca sera, un unico parametro con un valor determinado
el que se debe tratar o seguir como un objetivo. Se requiere una atencién individualizada
y multimodal, y nada puede reemplazar al médico reflexivo que reldne todas las piezas
del rompecabezas y utiliza sus conocimientos y experiencia para tomar una decision en el

tratamiento.
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3.JUSTIFICACION
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El Shock circulatorio, incluyendo el shock séptico, es una afeccion potencialmente mortal
asociado con tasas de mortalidad cercanas al 50%.[110] A pesar de la administracion
agresiva de liquidos , a menudo se requieren agentes vasopresores para corregir la
hipotension. Entre estos agentes, la dopamina y la norepinefrina son los utilizados con
mas frecuencia. [176] Ambos agentes influyen en los receptores alfa-adrenérgicos y
receptores beta-adrenérgicos, pero en diferentes grados. Los efectos alfa-adrenérgicos
aumentan el tono vascular, pero pueden disminuir el gasto cardiaco y el flujo sanguineo
regional, especialmente en los lechos cutaneo, esplacnico y renal. Los efectos beta-
adrenérgicos ayudan a mantener el flujo sanguineo a través de efectos inotropicos y
cronotrépicos y aumentan la perfusion esplacnica. Esta estimulacion beta-adrenérgica
puede tener también consecuencias no deseadas, las cuales pueden incluir el aumento
del metabolismo celular y efectos inmunosupresores. La dopamina también estimula los
receptores dopamineérgicos, lo que resulta en un aumento proporcionalmente mayor en la

perfusion esplacnica y renal, y puede facilitar la resolucion del edema pulmonar. [177].

Sin embargo, la estimulacién dopaminérgica puede tener efectos inmunolégicos
perjudiciales mediante la alteracion de la funcion hipotalamo-pituitaria , resultando en una

marcada disminucién en los niveles de prolactina y en la hormona del crecimiento. [178]

Por lo tanto, la dopamina y la norepinefrina pueden tener diferentes efectos sobre el
riion, la regién esplacnica, y el eje pituitario, pero las implicaciones clinicas de estas
diferencias son aun desconocidas. Las Guias clinicas de consenso y las
recomendaciones de los expertos sugieren que cualquiera de los agentes puede ser
usado como un vasopresor de primera eleccion en pacientes con shock. [44, 179] Sin
embargo, los estudios observacionales han demostrado que la administracion de
dopamina puede estar asociada con tasas de mortalidad mas altas que las asociadas a la
administracion de noradrenalina [176,180,181], aunque algun trabajos obtienen
resultados inversos . El estudio SOAP [176] mostré que la administracion de dopamina
fue un factor de riesgo independiente de muerte en la unidad de cuidados intensivos
(UCI). En un meta-anadlisis, [183] que comparé los efectos de la dopamina y la
norepinefrina en pacientes con shock séptico sélo se identificaron tres estudios
aleatorizados, con pocos pacientes, Un ensayo clinico monocéntrico en pacientes con
shock séptico no monstré diferencias en los resultados en aquellos pacientes tratados
con dopamina en comparacion con los tratados con norepinefrina [184]. Una revisién
sistematica de Vasu et al. [185] sugiere que la dopamina puede estar asociada con un
peor resultado, pero la revisién incluyé datos de los pacientes con shock cardiogénico

que pueden haber sesgado los resultados.
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La falta de datos de ensayos clinicos junto a la creciente evidencia observacional de que
la norepinefrina pueda estar asociada con mejores resultados nos condujeron a la
realizacion de un estudio aleatorizado, controlado, asi como un metaanalisis para evaluar

el efecto de la dopamina en comparacion con norepinefrina en shock circulatorio y sepsis.

El tratamiento con liquidos para mejorar el flujo sanguineo microvascular y aumentar el
gasto cardiaco es una parte esencial del tratamiento de cualquier forma de shock. Incluso
los pacientes con shock cardiogénico pueden beneficiarse de fluidos, ya que el edema
agudo de pulmoén puede resultar en una disminuciéon en el volumen intravascular eficaz.
Por esta razon, los fluidos son una de las terapias mas utilizadas en pacientes en estado
critico y representan la piedra angular del manejo hemodinamico en las unidades de
cuidados intensivos (UCI) [186]. La optimizacion hemodinamica con fluidos ha
demostrado mejorar los resultados del paciente cuando se aplica en el periodo
perioperatorio y en las primeras fases de la sepsis [153, 186, 187]. El momento de la
intervencion es importante; en el contexto de un shock, una mayor administracion de
liquidos en las primeras 3 horas se asocid6 con un mejor resultado en un estudio
retrospectivo [188] sin embargo la administracion liberal de liquidos que conlleva al
balance positivo de fluidos [189] se asocia de forma independiente con un mal
resultado[190]. De acuerdo a este hecho , en los pacientes con insuficiencia respiratoria,
una vez hemodinamicamente estables, la restriccién de liquidos esta asociada con un
destete precoz de la ventilacion mecanica [143]. En conjunto, parece razonable dar la
cantidad necesaria de liquidos cuando los pacientes estan hemodinamicamente

inestables y restringirlos cuando se estabilizan.

Cuando la hemorragia es manifiesta y esta en curso , los fluidos se dan a menudo sin
guia y sin la utilizacion de la monitorizacién hemodinamica especifica, sin embargo en
las demas condiciones, la administracion de liquidos debe ser estrechamente
monitorizada, ya que demasiado liquido conlleva el riesgo de edema con las
consecuencias no deseadas asociadas al edema. Por otra parte, los fluidos se pueden
dar sobre la base de la supervision de su repercusion hemodinamica, sin embargo son
dificiles de definir objetivos pragmaticos de la reanimacién con liquidos. En general, el
objetivo es que el gasto cardiaco pase a convertirse en precarga independiente, pero
esto es dificil de evaluar clinicamente. En los pacientes que reciben ventilacion mecanica,
se pueden identificar los signos de la respuesta a los fluidos , ya sea directamente a
partir de mediciones del volumen sistolico latido a latido con el uso de monitores de gasto
cardiaco o indirectamente de las variaciones observadas en la presion de pulso en el

trazado arterial durante el ciclo ventilatorio. Independientemente de la prueba utilizada,
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sigue existiendo una zona gris en la que es dificil predecir la respuesta de un paciente a

los liquidos intravenosos. [7]

Se deberia utilizar la técnica de fluid challenge para determinar la respuesta real de un
paciente a los liquidos intravenosos, al tiempo que se limitan los riesgos de efectos
adversos. Esta practica, (FC) fue propuesta hace mas de 30 afios [146, 191]. Durante las
ultimas décadas se han desarrollado nuevas técnicas con el fin de monitorizar y predecir
la respuesta a los fluidos. Actualmente se recomienda la utilizacion de indices dinamicos
para evaluar la prueba de provocacion con liquidos aunque existen muchas limitaciones

técnicas que pueden impedir su uso. [187]

Sin embargo, no existen datos sobre la manera en que se indican y se realizan los FCs

en pacientes criticos en las UCls en el mundo.

La fluidoterapia y optimizacién hemodinamica también son una piedra angular en el
manejo del paciente en el periodo perioperatorio. Las estimaciones sugieren que mas de
230 millones de pacientes se someten a cirugia cada afio en todo el mundo , con tasas
de mortalidad comunicadas que oscilan entre 1% a 4% [192]. Las complicaciones y las
muertes son mas frecuentes entre los pacientes de alto riesgo, los que son mayores o
tienen comorbilidad asociadas , y aquellos que se someten a cirugia gastrointestinal o
vascular. Es importante destacar que en los pacientes que desarrollan complicaciones,
pero sobreviven al alta hospitalaria, se redujo la supervivencia a largo plazo [193]. La
cirugia de fast track es un enfoque multimodal con la intervencién de los cirujanos,
anestesidlogos, enfermeras y fisioterapeutas que se centra en la mejora de la
recuperacion y la reduccion de la morbilidad mediante la aplicacion de pruebas en
diferentes campos de la atencion perioperatoria [194]. Muchos aspectos de la atencion
quirurgica, incluyendo la anestesia, analgesia, reduccion del estrés quirudrgico, control de
la temperatura, la nutricidon, la cirugia minimamente invasiva y otros, han demostrado
mejorar los resultados [194], y estan incluidos en la via de mejora de la recuperacién

después de la cirugia (ERAS).

Se acepta que los liquidos intravenosos y las drogas inotropicas tienen una gran
influencia en los resultados clinicos del paciente, en particular después de la cirugia
gastrointestinal mayor. Sin embargo, estas medicaciones son comuinmente prescritas
con criterios subjetivos, con lo que existe una amplia variacion en la practica clinica [195].
Una posible solucién es utilizar la monitorizacién del gasto cardiaco para guiar la
administracion de liquidos intravenosos y farmacos inotropicos como parte de un

algoritmo de terapia hemodinamica. El uso de GDT para el reemplazo del volumen
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intravascular se ha propuesto con resultados no concluyentes [27, 196-198].

Algunos estudios han incluido el uso de farmacos vasoactivos en el protocolo
hemodinamico mostrando mayoritariamente  efectos beneficiosos. La optimizacion
cardiovascular se ha logrado usando diferentes objetivos hemodinamicos [156, 199]. La
mayoria de estos estudios se han realizado durante el periodo intraoperatorio, y sélo
unos pocos han analizado el periodo postoperatorio inmediata o el periodo perioperatorio
(incluyendo la cirugia y las primeras 24 horas postoperatorias) . Todos estos estudios
comparten la necesidad de monitorizacién invasiva: la sonda esofagica Doppler, catéter
arterial o un catéter en la arteria pulmonar. Varios metaanalisis han concluido que la
optimizacion hemodinamica mejora el resultado en los pacientes de alto riesgo quirurgico,
[200, 201] vy parece ser que este resulatado es independiente de la forma de
monitorizacién que se emplee. Este enfoque ha demostrado modificar la respuesta
inflamatoria y mejorar la perfusion tisular y la oxigenacion [27, 202]. El uso de algoritmos
de terapia por objetivos hemodinamicos ha sido recomendado por el Instituto Nacional
del Reino Unido para la Salud y Excelencia de Cuidados(NICE). Una reciente revision
Cochraneha sugerido, sin embargo, que el beneficio del tratamiento puede ser mas

marginal que el que se creia. [201]

La evidencia actual consiste principalmente en pequefios ensayos, la mayoria de los
cuales son de un solo centro, no ciegos, e incluyen un pequefio numero de pacientes. La
existencia de heterogeneidad e inconsistencia significativa en los estudios, limita la fuerza
de la evidencia y es insuficiente para resolver las controversias relativas a los posibles
dafos asociados con el exceso de liquido, la lesién miocardica, y las formas invasivas de
monitorizacion. Como resultado, este tratamiento no ha sido ampliamente adoptado en la

practica clinica.

La supervivencia de los pacientes ancianos (> 75 afos) o muy ancianos (> 85 afios)
ingresados en la UCI es generalmente mas pobre para cualquier diagndstico en
comparacion con los pacientes mas jovenes [203, 204]. Estas diferencias en la
supervivencia, se han descrito en diferentes poblaciones de pacientes. Es importante
destacar que factores como una presentacion atipica, con un diagndstico y tratamiento
tardio, un manejo subdptimo (porque las guias clinicas no estan disefiados para una
poblacion de edad avanzada), la menor reserva fisioldgica, la inmuno-senescencia junto
con una respuesta inmune inadecuada, las limitaciones tempranas y frecuentes del
tratamiento , y finalmente, las politicas inadecuadas de alta de los pacientes (ubicacion,
tiempo) pueden explicar o al menos contribuir a un exceso de mortalidad. Los pacientes

mayores ingresados en la UCI tienen una alta mortalidad a corto plazo y mayor

73



Resucitacion Hemodinamica en el paciente critico

frecuencia de discapacidad a largo plazo. [205].

La insuficiencia circulatoria esta asociada con una cascada de eventos que conduce a un
aumento importante en el riesgo de muerte en la poblacién general [176]. Los datos con
respecto al shock circulatorio en pacientes ancianos son escasos. En una gran serie
austriaca de 17.126 pacientes mayores de 80 afios, el shock estuvo presente en sdlo el
3% de los ingresos en la UCI [206]. Por otra parte, los pocos datos disponibles son
contradictorios. En los pacientes con shock cardiogénico que complican el infarto de
miocardio, Tomassini et al [207] observaron que la edad superior a 75 afios se asocid con
un incremento de1,8 veces el riesgo de muerte, mientras que Lim et al [208] dejaron de
observar diferencias significativas en la supervivencia al primer afio. Hay muchos factores
que pueden contribuir a estas discrepancias, incluyendo comorbilidades asociadas y el
tamano relativamente pequefio de estos estudios. En otros tipos de shock, y
especialmente en el shock séptico, no se dispone de datos. El incierto beneficio de la
atencion de la UCI en esta poblacion aumenta el riesgo a priori tanto de limitaciones
terapéuticas como de intervenciones inutiles. Por tanto, es importante definir mejor cual

es la evolucion de los pacientes ancianos con insuficiencia circulatoria aguda.

Los pacientes mayores son frecuentemente excluidos de los ensayos clinicos [209], pero
sin embargo son tratados comunmente en la UCI. El envejecimiento se asocia con
modificaciones importantes en la fisiologia y la farmacocinética. [210] Ademas, los
pacientes de edad avanzada pueden ser mas susceptibles a los eventos adversos por
medicamentos [211] que los pacientes mas jovenes y no sabemos la interaccion entre la
edad y el efecto de los diferentes agentes vasopresores. De hecho, nos faltan datos
acerca de la influencia de la edad sobre la mortalidad en los pacientes con shock

circulatorio.
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Circulatory Shock, including septic shock, is a life-threatening condition associated with
mortality rates close to 50% [110]. Despite generous fluid administration, vasopressor
agents are often required to correct hypotension. Among these agents, dopamine and

norepinephrine are used most frequently [176].

Both of these agents influence alpha-adrenergic and beta-adrenergic receptors, but to
different degrees. Alpha-adrenergic effects increase vascular tone but may decrease
cardiac output and regional blood flow, especially in cutaneous, splanchnic, and renal
beds. Beta-adrenergic effects help to maintain blood flow through inotropic and
chronotropic effects and to increase splanchnic perfusion. This beta-adrenergic
stimulation can have unwanted consequences as well, including increased cellular
metabolism and immunosuppressive effects. Dopamine also stimulates dopaminergic
receptors, resulting in a proportionately greater increase in splanchnic and renal

perfusion, and it may facilitate resolution of lung edema. [177].

However, dopaminergic stimulation can have harmful immunologic effects by altering
hypo- thalamo—pituitary function, resulting in a marked decrease in prolactin and growth

hormone levels [178].

Thus, dopamine and norepinephrine may have different effects on the kidney, the
splanchnic region, and the pituitary axis, but the clinical implications of these differences
are still uncertain. Consensus guidelines and expert recommendations suggest that either

agent may be used as a first-choice vasopressor in patients with shock. [44, 179]

However, observational studies have shown that the administration of dopamine may be
associated with rates of death that are higher than those associated with the
administration of norepinephrine [180, 181], although one had reported the reverse[176,
182], showed that administration of dopamine was an independent risk factor for death in
the intensive care unit (ICU). In a meta-analysis,[183] only three randomized studies, with
a few patients, were identified that compared the effects of dopamine and norepinephrine
in patients with septic shock. A single center trial in patients with septic shock reported no
differences in outcome in ptients treated with dopamine compared to those treated with
norepinephrine [184]. A systematic review by Vasu et al.[185] suggested that dopamine
may be associated with a worse outcome, but that review included also data from patients

with cardiogenic shock who may have driven the results.

The lack of data from clinical trials in the face of growing observational evidence that
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norepinephrine may be associated with better outcomes called for a randomized,
controlled trial and to make a metaanalysis to evaluate the effect of dopamine compared

to norepeinphrine in circulatory shock and sepsis.

Fluid therapy to improve microvascular blood flow and increase cardiac output is an
essential part of the treatment of any form of shock. Even patients with cardiogenic shock
may benefit from fluids, since acute edema can result in a decrease in the effective
intravascular volume. For this reason, fluids are one of the most commonly used therapies
in critically ill patients and represent the cornerstone of hemodynamic management in
intensive care units (ICUs) [186]. Hemodynamic optimization with fluids has been shown
to improve patient outcome when applied in the perioperative period and in the early
phases of sepsis [153, 186, 187]. Timing of the intervention is important; in the context of
shock, higher fluid administration in the first 3 h was associated with better outcome in a
retrospective study [188]. On the other hand, liberal administration of fluids may lead to a
positive fluid balance [189] which is independently associated with a poor outcome [190].
Accordingly, in patients with respiratory failure, once hemodynamically stable, fluid
restriction is associated with earlier weaning from mechanical ventilation [143]. Altogether,
it seems reasonable to give the needed amount of fluids when hemodynamically patients

are unstable and to restrict fluids when they are stabilized.

Whereas in overt bleeding, fluids are often given without guidance with specific
hemodynamic monitoring, in other conditions,fluid administration should be closely
monitored, since too much fluid carries the risk of edema with its unwanted
consequences. Moreover, fluids may be given on the basis of monitoring their
hemodynamic impact, even pragmatic end points for fluid resuscitation are difficult to
define. In general, the objective is for cardiac output to become preload-independent but
this is difficult to assess clinically. In patients receiving mechanical ventilation, signs of
fluid responsiveness may be identified either directly from beat-by-beat stroke-volume
measurements with the use of cardiac-output monitors or indirectly from observed
variations in pulse pressure on the arterial-pressure tracing during the ventilator cycle.
Regardless of the test used, there remains a gray zone in which it is difficult to predict a

patient’s response to intravenous fluids. [7]

A fluid-challenge technique should be used to determine a patient’s actual response to
fluids, while limiting the risks of adverse effects . This practice, the “fluid challenge”
technique (FC) was proposed more than 30 years ago [146, 191]. Over recent decades
new techniques have been developed in order to monitor and predict the response to

fluids. The use of dynamic indices to evaluate the fluid challenge test is now
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recommended [187] but many technical limitations may preclude their use. However, no
data exist on the manner in which FCs are indicated and performed in critically ill patients

around the globe.

Fluid therapy and haemodynamic optimisation are also a corner stone in the management
of the patient in the perioperative period. Estimates suggest that more than 230 million
patients undergo surgery worldwide each year, with reported mortality rates between 1%
to 4% [192]. Complications and deaths are most frequent among high-risk patients, those
who are older or have comorbid disease, and those who undergo major gastrointestinal or
vascular surgery. Importantly, patients who develop complications but survive to hospital
discharge have reduced long-term survival [193]. Fast-track surgery is a multimodal
approach involving surgeons, anesthesiologists, nurses, and physical therapists that
focuses on enhancing recovery and reducing morbidity by implementing evidence in
different fields of perioperative care [194], Many aspects of surgical care, including
anesthesia, analgesia, reduction of surgical stress, temperature control, nutrition,
minimally invasive surgery, and others, have shown to improve outcome [194] and are

included in the Enhanced Recovery after Surgery (ERAS) pathway

It is accepted that intravenous fluid and inotropic drugs have an important effect on patient
outcomes, in particular following major gastrointestinal surgery. Yet they are commonly
prescribed to subjective criteria, leading to wide variation in clinical practice [195]0ne
possible solution is the use of cardiac output monitoring to guide administration of
intravenous fluid and inotropic drugs as part of a hemodynamic therapy algorithm. The
use of GDT for intravascular volume replacement has been proposed with inconclusive
results.[27, 196-198].

Cardiovascular optimization has been achieved using different hemodynamic goals. [156,
199] Most of these studies have been performed during the intraoperative period, and
only a few have analyzed the immediate postoperative or perioperative (including surgery
and the first postoperative 24 hours) periods. All these studies share the need for invasive
monitoring: esophageal probe, arterial catheter, or a pulmonary artery catheter. Several
meta-analyses have concluded that hemodynamic optimization improves outcome in high-
risk surgical patients, [200, 201] and all forms of monitoring appear to be effective.This
approach has been shown to modify inflammatory pathways and improve tissue perfusion
and oxygenation.[27, 202] Use of hemodynamic therapy algorithms has been
recommended by the UK National Institute for Health and Care Excellence (NICE) [212].
A recent Cochrane review, however, has suggested that the treatment benefit may be

more marginal than previously believed [201].
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The current evidence consists primarily of small trials and most of the studies are single-
center, unblinded, include a small number of patients, and the presence of significant
heterogeneity and inconsistency limits the strength of the evidence and is insufficient to
resolve controversies regarding potential harm associated with fluid excess, myocardial
injury, and invasive forms of monitoring. As a result, this treatment has not been widely

adopted into clinical practice.

The outcome of old (>75 years) and very old (>85 years) patients admitted to ICU is
usually poorer for any diagnosis compared to younger patients [203, 204]. These
differences have been described in specific populations. Importantly, factors such as an
atypical presentation with delayed diagnosis and treatment, suboptimal management
(because guidelines are not tailored for an elderly population), lower physiologic reserve,
immuno-senescence coupled with an inadequate immune response, more frequent and
earlier treatment limitations, and finally inadequate discharge policies (location, timing)
may account for or at least contribute to excess mortality. Older patients admitted to the

ICU have high short-term mortality and long-term disability [205].

Circulatory failure is associated with a cascade of events that leads to a major increase in
the risk of death in the general population [176]. Data regarding circulatory shock in
elderly patients are scarce. In a large Austrian series of 17,126 patients older than 80
years, shock was present in only 3 % of ICU admissions [206]. Moreover, the few data
that are available are conflicting. In patients with cardiogenic shock complicating
myocardial infarction, Tomassini et al. [207] observed that age older than 75 years was
associated with a 1.8 increased risk of death, whereas Lim et al. [208] failed to observe
significant differences in 1-year survival. Many factors can contribute to these
discrepancies, including associated comorbidities and the relatively small size of these
studies. In other types of shock, and especially in septic shock, no data are available. The
uncertain benefit of ICU care in this population increases the risk of a priori therapeutic
limitations but also of futile interventions. It is thus important to better define the outcome

of elderly patients with acute circulatory failure.

Older patients are frequently excluded from clinical trials [209], but they are commonly
treated in the ICU. Ageing is associated with important modifications in physiology [210]
and pharmacokinetics. In addition, older patients may be more susceptible to adverse
drug events[211] than younger patients and we do not know the interaction between age
and the effect of the different vasopressor agents. We actually have some incertities about

the influence of age on mortality in patients with circulatory shoc
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b)

d)

Evaluar si la utilizacién de la noradrenalina sobre la dopamina como agente
vasopresor de eleccion podria reducir la mortalidad en los pacientes en shock

circulatorio.

Comparar mediante metaanalisis de estudios observacionales y ensayos
clinicos los efectos de la dopamina y noradrenalina en la supervivencia y la

morbilidad en el shock séptico.

Evaluar las indicaciones, la practica clinica habitual y los beneficios de la

aplicacion de Fluid Challenge en diferentes escenarios en cuidados criticos.

Analizar si la terapia dirigida por objetivos (GDT) perioperatoria, basada en
una monitorizacién hemodinamica no invasiva, con el objetivo de optimizar la
presion arterial y el gasto cardiaco, se asocia con una disminucion de la
estancia hospitalaria y una reduccidon de la incidencia de complicaciones en
cirugia abdominal mayor en pacientes que requieren estancia en cuidados

intensivos en comparacién con los cuidados estandard y la practica habitual.

Comparar, en cirugia abdominal mayor, si entre el grupo de GDT
perioperatorio y el grupo de practica standar existen diferencias en cuanto al
tiempo de la recuperacion de la peristalsis, la incidencia de infeccién de la

herida quirargica, las fugas anastomoticas y la mortalidad hospitalaria.
Evaluar la influencia de la edad en la mortalidad de los pacientes con shock

circulatorio y explorar la interaccion entre la edad y el efecto de los diferentes

agentes vasopresores.
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b)

d)

To evaluate whether the choice of norepinephrine over dopamine as the first-
line vasopressor agent could reduce the rate of death among patients in

shock.

To compare in a meta-analysis of observational and interventional trials the

effects of dopamine and norepinephrine on outcome from septic shock.

To evaluate the indications, current practice, and judgment of benefit of Fluid

Challenges in critical care settings

To analyze whether a perioperative GDT based on noninvasive hemodynamic
monitoring aiming at the optimization of arterial blood pressure and cardiac
output is associated with a decrease in hospital length of stay (LOS) and the
incidence of postoperative complications in major abdominal surgery patients
requiring postoperative intensive care unit (ICU) admission compared with

standard practice.

To compare among the perioperative GDT group and standard practice in
major abdominal surgery the time to peristalsis recovery (first flatus), the

incidence of wound infection, anastomotic leaks, and hospital mortality.
To assess the influence of age on mortality in patients with circulatory shock

and to explore the interaction between age and the effect of the different

vasopressor agents.
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ABSTRACT
INTRODUCCION

Tanto la dopamina como la norepinefrina se recomiendan como agentes vasopresores
de primera eleccién en el tratamiento de shock. Existe una controversia continua acerca

de si un agente vasopresor es superior al otro

METODOS

En este estudio multicéntrico, aleatorizado, asignamos a los pacientes con shock para
que recibieran ya sea la dopamina o la noradrenalina como tratamiento vasopresor de
primera eleccion para restaurar y mantener la presioén arterial. Cuando la presién arterial
no se pudo mantener con una dosis de 20 yg por kilogramo de peso corporal por minuto
para la dopamina o una dosis de 0,19 ug por kilogramo por minuto para la norepinefrina,
se podia afadir norepinefrina de forma abierta, epinefrina, o vasopresina. El resultado
primario fue la tasa de mortalidad a los 28 dias después de la aleatorizacién; criterios de
valoracion secundarios incluyeron el numero de dias sin necesidad de soporte de

organos y la incidencia de eventos adversos.
RESULTADOS

El ensayo incluyé a 1679 pacientes, de los cuales 858 fueron asignados a la dopamina y
821 a la norepinefrina. Las caracteristicas basales de los grupos fueron similares. No
hubo diferencia significativa entre los grupos en la tasa de mortalidad a los 28 dias
(52,5% en el grupo de la dopamina y el 48,5% en el grupo norepinefrina; odds ratio con la
dopamina, 1,17; intervalo de confianza del 95%, 0,97-1,42; p = 0,10 ). Sin embargo, hubo
mas eventos arritmicos entre los pacientes tratados con dopamina que entre los tratados
con norepinefrina (207 eventos [24,1%] frente a 102 eventos [12,4%], P <0,001). Un
analisis de subgrupos mostré que la dopamina, en comparacién con la norepinefrina, se
asocio con un incremento en la mortalidad a los 28 dias entre los 280 pacientes con
shock cardiogénico, pero no entre los 1044 pacientes con shock séptico o entre los 263
con shock hipovolémico (P = 0,03 para shock cardiogénico, P = 0,19 para el shock

séptico, y P = 0,84 para el shock hipovolémico, en andlisis de Kaplan-Meier ).
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CONCLUSIONES

Aunque no hubo diferencia significativa en la mortalidad entre los pacientes con shock
que fueron tratados con dopamina como agente vasopresor de primera eleccion y los que
fueron tratados con norepinefrina, el uso de dopamina se asocié con un mayor numero

de eventos adversos. (ClinicalTrials.gov number, NCT00314704).
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ABSTRACT

BACKGROUND

Both dopamine and norepinephrine are recommended as first-line vasopressor agents
in the treatment of shock. There is a continuing controversy about whether one agent
is superior to the other.

METHODS

In this multicenter, randomized trial, we assigned patients with shock to receive
either dopamine or norepinephrine as first-line vasopressor therapy to restore and
maintain blood pressure. When blood pressure could not be maintained with a dose
of 20 ug per kilogram of body weight per minute for dopamine or a dose of 0.19 ug
per kilogram per minute for norepinephrine, open-label norepinephrine, epineph-
rine, or vasopressin could be added. The primary outcome was the rate of death at
28 days after randomization; secondary end points included the number of days
without need for organ support and the occurrence of adverse events.

RESULTS
The trial included 1679 patients, of whom 858 were assigned to dopamine and 821
to norepinephrine. The baseline characteristics of the groups were similar. There
was no significant between-group difference in the rate of death at 28 days (52.5%
in the dopamine group and 48.5% in the norepinephrine group; odds ratio with
dopamine, 1.17; 95% confidence interval, 0.97 to 1.42; P=0.10). However, there were
more arrhythmic events among the patients treated with dopamine than among
those treated with norepinephrine (207 events [24.1%) vs. 102 events [12.4%)], P<0.001).
A subgroup analysis showed that dopamine, as compared with norepinephrine,
was associated with an increased rate of death at 28 days among the 280 patients
with cardiogenic shock but not among the 1044 patients with septic shock or the 263
with hypovolemic shock (P=0.03 for cardiogenic shock, P=0.19 for septic shock,
and P=0.84 for hypovolemic shock, in Kaplan—Meier analyses).

CONCLUSIONS
Although there was no significant difference in the rate of death between patients
with shock who were treated with dopamine as the first-line vasopressor agent and
those who were treated with norepinephrine, the use of dopamine was associated
with a greater number of adverse events. (ClinicalTrials.gov number, NCT00314704.)

N ENGL ) MED 362;9 NEJM.ORG MARCH 4, 2010

The New England Journal of Medicine

From the Department of Intensive Care,
Erasme University Hospital (D.D.B.,A.B.,
J.-L.V.); the Department of Intensive Care,
Brugmann University Hospital, Universi-
té Libre de Bruxelles (J.D., P.G.); and the
Department of Intensive Care, Centre
Hospitalier Etterbeek Ixelles (D.C.) — all
in Brussels; the Department of Intensive
Care, Centre Hospitalier Universitaire de
Charleroi, Charleroi, Belgium (P.B., P.D.);
the Department of Medicine Il1, Intensive
Care Unit 13H1, Medical University of Vi-
enna, Vienna (C.M.); and the Department
of Anesthesia and Critical Care, Rio Horte-
ga University Hospital, Valladolid, Spain
(C.A.). Address reprint requests to Dr. De
Backer at the Department of Intensive
Care, Erasme University Hospital, Rte. de
Lennik 808, B-1070 Brussels, Belgium, or
at ddebacke@ulb.ac.be.

*Members of the Sepsis Occurrence in
Acutely Ill Patients Il (SOAP Il) trial group
are listed in the Appendix.

N Engl ) Med 2010;362:779-89.
Copyright © 2010 Massachusetts Medical Society.

779

Downloaded from nejm.org by CESAR ALDECOA on October 6, 2015. For personal use only. No other uses without permission.

Copyright © 2010 Massachusetts Medical Society. All rights reserved.

86



Resucitacion Hemodinamica en el paciente critico

780

The NEW ENGLAND JOURNAL of MEDICINE

IRCULATORY SHOCK IS A LIFE-THREAT-
ening condition that is associated with high
mortality.12 The administration of fluids,
which is the firstline therapeutic strategy, is often
insufficient to stabilize the patient’s condition, and
adrenergic agents are frequently required to cor-
rect hypotension. Among these agents, dopamine
and norepinephrine are used most frequently.?
Both of these agents influence alpha-adrenergic
and beta-adrenergic receptors, but to different de-
grees. Alpha-adrenergic effects increase vascular
tone but may decrease cardiac output and region-
al blood flow, especially in cutaneous, splanchnic,
and renal beds. Beta-adrenergic effects help to
maintain blood flow through inotropic and chro-
notropic effects and to increase splanchnic perfu-
sion. This beta-adrenergic stimulation can have
unwanted consequences as well, including in-
creased cellular metabolism and immunosuppres-
sive effects. Dopamine also stimulates dopami-
nergic receptors, resulting in a proportionately
greater increase in splanchnic and renal perfu-
sion, and it may facilitate resolution of lung ede-
ma.* However, dopaminergic stimulation can have
harmful immunologic effects by altering hypo-
thalamo—pituitary function, resulting in a marked
decrease in prolactin and growth hormone levels.>
Thus, dopamine and norepinephrine may have
different effects on the kidney, the splanchnic re-
gion, and the pituitary axis, but the clinical im-
plications of these differences are still uncertain.
Consensus guidelines and expert recommenda-
tions suggest that either agent may be used as a
first-choice vasopressor in patients with shock.5#
However, observational studies have shown that
the administration of dopamine may be associated
with rates of death that are higher than those as-
sociated with the administration of norepineph-
rine.391° The Sepsis Occurrence in Acutely 11l Pa-
tients (SOAP) study,® which involved 1058 patients
who were in shock, showed that administration of
dopamine was an independent risk factor for death
in the intensive care unit (ICU). In a meta-analy-
sis,** only three randomized studies, with a total
of just 62 patients, were identified that compared
the effects of dopamine and norepinephrine in
patients with septic shock. The lack of data from
clinical trials in the face of growing observational
evidence that norepinephrine may be associated
with better outcomes called for a randomized,
controlled trial. Our study was designed to evalu-
ate whether the choice of norepinephrine over do-

pamine as the first-line vasopressor agent could
reduce the rate of death among patients in shock.

METHODS

STUDY PATIENTS

We conducted this multicenter trial between De-
cember 19, 2003, and October 6, 2007, in eight
centers in Belgium, Austria, and Spain. All patients
18 years of age or older in whom a vasopressor
agent was required for the treatment of shock were
included in the study. The patient was considered
to be in shock if the mean arterial pressure was
less than 70 mm Hg or the systolic blood pressure
was less than 100 mm Hg despite the fact that an
adequate amount of fluids (at least 1000 ml of crys-
talloids or 500 ml of colloids) had been adminis-
tered (unless there was an elevation in the central
venous pressure to >12 mm Hg or in pulmonary-
artery occlusion pressure to >14 mm Hg) and if
there were signs of tissue hypoperfusion (e.g., al-
tered mental state, mottled skin, urine output of
<0.5 ml per kilogram of body weight for 1 hour,
or a serum lactate level of >2 mmol per liter). Pa-
tients were excluded if they were younger than 18
years of age; had already received a vasopressor
agent (dopamine, norepinephrine, epinephrine, or
phenylephrine) for more than 4 hours during the
current episode of shock; had a serious arrhyth-
mia, such as rapid atrial fibrillation (>160 beats per
minute) or ventricular tachycardia; or had been
declared brain-dead.

PROTOCOL
Randomization was performed in computer-gen-
erated, permuted blocks of 6 to 10, stratified ac-
cording to the participating ICU. Treatment as-
signments and a five-digit reference number were
placed in sealed, opaque envelopes, which were
opened by the person responsible for the prepara-
tion of the trial-drug solutions. The solutions of
norepinephrine or dopamine were prepared in vi-
als or syringes according to the preference of the
local ICU. Each vial or syringe was then labeled
with its randomly allocated number. The doctors
and nurses administering the drugs, as well as the
local investigators and research personnel who
collected data, were unaware of the treatment as-
signments. The trial was approved by the ethics
committee at each participating center. Written in-
formed consent was obtained from all patients or
next of kin.
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DOPAMINE AND NOREPINEPHRINE IN SHOCK

The dose was determined according to the pa-
tient’s body weight. Doses of dopamine could be
increased or decreased by 2 g per kilogram per
minute and doses of norepinephrine by 0.02 ug
per kilogram per minute (or more in emergency
cases) (see Fig. 1 and 2 in the Supplementary Ap-
pendix, available with the full text of this article
at NEJM.org). An example of the dose-escalation
table is provided in Table 1 in the Supplementary
Appendix. The target blood pressure was deter-
mined by the doctor in charge for each individual
patient. If the patient was still hypotensive after
the maximum dose of either agent had been ad-
ministered (20 pg per kilogram per minute for
dopamine or 0.19 pg per kilogram per minute for
norepinephrine — doses that have been shown to
have similar effects on mean arterial blood pres-
sure*»'3) open-label norepinephrine was added.
The dose of 20 ug per kilogram per minute for
dopamine was selected as the maximal dose be-
cause this upper limit was the standard of care
in the participating ICUs, in line with expert rec-
ommendations'* and international guidelines.?s

If the patient was already being treated with a
vasopressor at baseline, that agent was replaced
as soon as possible with the trial-drug solution. If
the patient was already receiving dopamine and
this agent could not be discontinued after intro-
duction of the trial-drug solution, the dopamine
was replaced with an open-label norepinephrine
infusion. Open-label dopamine was not allowed at
any time. Epinephrine and vasopressin were used
only as rescue therapy. Inotropic agents could be
used, if needed, to increase cardiac output.

When the patients were weaned from vaso-
pressor agents, any open-label norepinephrine that
was being administered was withdrawn first, af-
ter which the trial-drug solution was withdrawn.
If hypotension recurred, the trial-drug solution
was resumed first (at the same maximal dose) and
an open-label solution of norepinephrine was
added if needed.

The study period lasted a maximum of 28 days.
The study drug was reinstituted, if necessary, in
patients who were discharged from the ICU but
were readmitted within 28 days after randomiza-
tion, allowing maximal exposure to the study
drug. After day 28, the choice of vasopressor agent
was left to the discretion of the physician in
charge.

If adverse events occurred during treatment
with the study drug, the physician in charge could

withdraw the patient from the study and switch
him or her to open-label vasopressor therapy. All
other treatment decisions were left to the discre-
tion of the attending physicians.

END POINTS
The primary end point of the trial was the rate of
death at 28 days. Secondary end points were the
rates of death in the ICU, in the hospital, at
6 months, and at 12 months; the duration of stay
in the ICU; the number of days without need for
organ support (i.e., vasopressors, ventilators, or re-
nal-replacement therapy); the time to attainment
of hemodynamic stability (i.e., time to reach a mean
arterial pressure of 65 mm Hg)*¢; the changes in
hemodynamic variables; and the use of dobutamine
or other inotropic agents. Adverse events were cat-
egorized as arrhythmias (i.e., ventricular tachycar-
dia, ventricular fibrillation, or atrial fibrillation),
myocardial necrosis, skin necrosis, ischemia in
limbs or distal extremities, or secondary infec-
tions.”

MEASURED VARIABLES
The following data were recorded every 6 hours
for 48 hours, every 8 hours on days 3, 4, and 5,
and once a day on days 6, 7, 14, 21, and 28: vital
signs, hemodynamic variables (including systolic
and diastolic arterial pressures, heart rate, cen-
tral venous pressure, and, when possible, pulmo-
nary-artery pressures), cardiac output, arterial and
mixed-venous (or central venous) blood gas levels,
doses of vasoactive agents, and respiratory condi-
tions. Biologic variables, data on daily fluid bal-
ance, microbiologic data, and antibiotic therapy
were recorded daily for the first 7 days and then
on days 14, 21, and 28.

The Acute Physiology and Chronic Health Eval-
uation II (APACHE II) score® was calculated at
the time of admission to the ICU and at the time
of enrollment in the study, and the Sequential
Organ Failure Assessment (SOFA) score®® was cal-
culated daily for the first 7 days and then on days
14, 21, and 28.

STATISTICAL ANALYSIS
On the basis of the results of the SOAP study,?
which showed a rate of death of 43% among pa-
tients receiving dopamine and a rate of 36% among
patients receiving norepinephrine, we estimated
that with 765 patients in each group, the study
would have 80% power to show a 15% relative dif-
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ference in the rate of death at 28 days, at a two-
sided alpha level of 0.05.

Since the magnitude of the effect derived from
observational studies can be misleading, we opted
for a sequential trial design with two-sided alter-
natives??; the trial design called for analyses to be
performed after inclusion of the first 50 and 100
patients, and then after inclusion of each addi-
tional 100 patients, and allowed for the discon-
tinuation of the trial according to the following
predefined boundaries: superiority of norepineph-
rine over dopamine, superiority of dopamine over
norepinephrine, or no difference between the two.
An independent statistician who is also a physician
monitored the efficacy analyses and the adverse
events; on October 6, 2007, after analysis of the
outcome in the first 1600 patients showed that
one of the three predefined boundaries had been
crossed, the statistician advised that the trial be
stopped.

All data were analyzed according to the inten-
tion-to-treat principle. Differences in the primary
outcome were analyzed with the use of an unad-
justed chi-square test. Results are presented as
absolute and relative risks and 95% confidence
intervals. Kaplan—Meier curves for estimated sur-
vival were compared with the use of a log-rank
test. A Cox proportional-hazards regression mod-
el was used to evaluate the influence of potential
confounding factors on the outcome (factors were
selected if the P value in the univariate analysis
was <0.20).

A predefined subgroup analysis of the primary
outcome was conducted according to the type of
shock (septic, cardiogenic, or hypovolemic). A test
for interaction was performed, and the results are
presented in a forest plot.

Other binary end points were analyzed with the
use of chi-square tests, and continuous variables
were compared by means of an unpaired Student’s
t-test or a Wilcoxon rank-sum test, as appropriate,
with the use of SPSS software, version 13.0 (SPSS).
All reported P values are two-sided and have not
been adjusted for multiple testing. The study stat-
istician and investigators remained unaware of the
patients’ treatment assignments while they per-
formed the final analyses.

RESULTS

PATIENTS

A total of 1679 patients were enrolled — 858 in
the dopamine group and 821 in the norepineph-

rine group (Fig. 1). All patients were followed to
day 28; data on the outcome during the stay in the
hospital were available for 1656 patients (98.6%),
data on the 6-month outcome for 1443 patients
(85.9%), and data on the 12-month outcome for
1036 patients (61.7%). There were no significant
differences between the two groups with regard
to most of the baseline characteristics (Table 1);
there were small differences, which were of ques-
tionable clinical relevance, in the heart rate, par-
tial pressure of arterial carbon dioxide (PaCO,),
arterial oxygen saturation (Sa0,), and ratio of par-
tial pressure of arterial oxygen (Pa0,) to fraction
of inspired oxygen (F10,). The type of shock that
was seen most frequently was septic shock (in
1044 patients [62.2%)]), followed by cardiogenic
shock (in 280 patients [16.7%)]) and hypovolemic
shock (in 263 patients [15.7%)]). The sources of sep-
sis are detailed in Table 2 in the Supplementary
Appendix. Hydrocortisone was administered in 344
patients who received dopamine (40.1%) and in
326 patients who received norepinephrine (39.7%).
Among patients with septic shock, recombinant
activated human protein C was administered in
102 patients in the dopamine group (18.8%) and
96 patients in the norepinephrine group (19.1%).

Data on hemodynamic variables and doses of
vasoactive agents are shown in Figure 3 and Fig-
ure 4 in the Supplementary Appendix. The mean
arterial pressure was similar in the two treatment
groups at baseline, and it changed similarly over
time, although it was slightly higher from 12 to
24 hours in the norepinephrine group. The doses
of the study drug were similar in the two groups
at all times. More patients in the dopamine group
than in the norepinephrine group required open-
label norepinephrine therapy at some point (26%
vs. 20%, P<0.001), but the doses of open-label nor-
epinephrine that were administered were similar
in the two groups. The use of open-label epineph-
rine at any time was similar in the two groups
(administered in 3.5% of patients in the dopamine
group and in 2.3% of those in the norepinephrine
group, P=0.10), as was the use of vasopressin
(0.2% in both groups, P=0.67). Dobutamine was
used more frequently in patients treated with nor-
epinephrine, but 12 hours after randomization,
the doses of dobutamine were significantly high-
er in patients treated with dopamine. The mean
(#SD) time to the achievement of a mean arterial
pressure of 65 mm Hg was similar in the two
groups (6.3%5.6 hours in the dopamine group
and 6.0+4.9 hours in the norepinephrine group,
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P=0.35). There were no major between-group dif-
ferences in the total amounts of fluid given, al-
though patients in the dopamine group received
more fluids on day 1 than did patients in the nor-
epinephrine group. Urine output was significantly
higher during the first 24 hours after randomiza-
tion among patients in the dopamine group than
among those in the norepinephrine group, but
this difference eventually disappeared, so that
the fluid balance was quite similar between the
two groups.

The increase in heart rate was greater in pa-

2011 Patients were assessed for eligibility

332 Were excluded

94 Had arrhythmia

79 Had shock lasting >4 hr

73 Were not enrolled by
their physician

38 Had major therapeutic
limitation

20 Had been included in
the study previously

16 Were <18 yr of age

12 Were brain-dead

tients treated with dopamine than in patients
treated with norepinephrine, up to 36 hours after
randomization; the changes in the cardiac index,
central venous pressure, venous oxygen saturation,
and lactate levels were similar in the two groups.

OUTCOME
The boundary for stopping the trial owing to the
lack of evidence of a difference between treatments
at a P value of 0.05 was crossed (Fig. 5 in the Sup-
plementary Appendix). There were no significant
differences between the groups in the rate of death
at 28 days or in the rates of death in the ICU, in
the hospital, at 6 months, or at 12 months (Table 2).
Kaplan-Meier curves for estimated survival showed
no significant differences in the outcome (Fig. 2).
Cox proportional-hazards analyses that included
the APACHE 1I score, sex, and other relevant vari-
ables yielded similar results (Fig. 6 in the Supple-
mentary Appendix). There were more days with-
out need for the trial drug and more days without
need for open-label vasopressors in the norepi-
nephrine group than in the dopamine group, but
there were no significant differences between the
groups in the number of days without need for
ICU care and in the number of days without need
for organ support (Table 3). There were no signifi-
cant differences in the causes of death between
the two groups, although death from refractory
shock occurred more frequently in the group of
patients treated with dopamine than in the group
treated with norepinephrine (P=0.05).

ADVERSE EVENTS

Overall, 309 patients (18.4%) had an arrhythmia;
the most common type of arrhythmia was atrial
fibrillation, which occurred in 266 patients (86.1%).
More patients had an arrhythmia, especially atri-
al fibrillation, in the dopamine group than in the
norepinephrine group (Table 3). The study drug
was discontinued in 65 patients owing to severe

1679 Underwent randomization

858 Were assigned to receive

821 Were assigned to receive
dopamine norepinephrine

858 Were included in intention-
to-treat analysis

821 Were included in intention-
to-treat analysis

Figure 1. Screening and Enrollment.

arrhythmias — 52 patients (6.1%) in the dopamine
group and 13 patients (1.6%) in the norepineph-
rine group (P<0.001). These patients were included
in the intention-to-treat analysis. There were no
significant differences between the groups in the
incidences of other adverse events.

ADDITIONAL ANALYSES

A predefined subgroup analysis was conducted ac-
cording to the type of shock — septic shock, which
occurred in 1044 patients (542 in the dopamine
group and 502 in the norepinephrine group); car-
diogenic shock, which occurred in 280 patients
(135 in the dopamine group and 145 in the nor-
epinephrine group); or hypovolemic shock, which
occurred in 263 patients (138 in the dopamine
group and 125 in the norepinephrine group). The
overall effect of treatment did not differ signifi-
cantly among these subgroups (P=0.87 for inter-
action), although the rate of death at 28 days was
significantly higher among patients with cardio-
genic shock who were treated with dopamine than
among those with cardiogenic shock who were
treated with norepinephrine (P=0.03) (Fig. 3). The
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Table 1. Baseline Characteristics of the Patients and Major Therapeutic Interventions at Baseline.*
Variable Dopamine (N=2858) Norepinephrine (N=821)
Age —yr
Median 68 67
Interquartile range 55-76 56-76
Male sex— no. (%) 507 (59.1) 449 (54.7)
APACHE Il scoref
Median 20 20
Interquartile range 15-28 14-27
SOFA scorei
Median 9 9
Interquartile range 7-12 6-12
Reason for admission — no. (%)

Medical 565 (65.9) 532 (64.8)

Scheduled surgery 168 (19.6) 161 (19.6)

Emergency surgery 125 (14.6) 128 (15.6)

Cause of shock — no. (%)

Sepsis 542 (63.2) 502 (61.1)
Lungs 278 (32.4) 246 (30.0)
Abdomen 138 (16.1) 135 (16.4)
Urine 51(5.9) 42 (5.1)
Catheter 14 (1.6) 10 (1.2)
Endocardium 9 (1.0) 11 (1.3)
Mediastinum 10 (1.2) 15 (1.8)
Soft tissues 11 (1.3) 13 (1.6)
Other 15 (1.7) 20 (2.4)

Cardiogenic source 135 (15.7) 145 (17.6)
Myocardial infarction 75 (8.7) 86 (10.5)
Dilated cardiomyopathy 25 (2.9) 19 (2.3)
Tamponade 2(0.2) 7 (0.9)
Pulmonary embolism 10 (1.2) 8 (1.0
Valvular disease 4 (0.5) 5 (0.6)
After cardiopulmonary bypass 19 (2.2) 20 (2.4)
Other

Hypovolemia 138 (16.1) 125 (15.2)
Hemorrhage 130 (15.2) 116 (14.1)

Trauma 17 (2.0) 23 (2.8)
Gastrointestinal bleeding 31 (3.6) 22 (2.7)
Bleeding at surgical site 64 (7.5) 57 (6.9)
Other 18 (2.1) 14 (1.7)
Dehydration 8 (0.9) 9 (1.1)

Other 48 (5.9) 44 (5.0)
Spinal 6(0.7) 8 (1.0)
Periduralf 13 (1.5) 4 (0.5)
Intoxication-related| 7 (0.8) 4 (0.5)
Anaphylactic 3(0.3) 4 (0.5)
Miscellaneous 13 (1.5) 29 (3.5)

Hemodynamic, respiratory, and biologic variables

Temperature — °C 36.6=1.5 36.6=1.5

Heart rate — beats/min 97+27 95:25|

Mean arterial pressure — mm Hg 5813 5813

Mean pulmonary-artery pressure — mm Hg** 27+9 29:8|
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Table 1. (Continued.)

Variable Dopamine (N=858) Norepinephrine (N=821)
Pulmonary-artery occlusion pressure — mm Hg*¥* 16+6 18:6|
Central venous pressure — mm Hg{ 13+6 13+5
Cardiac index — liters/min/m?31 3.11£1.35 2.77£1.16|
Arterial pH 7.32+0.13 7.32+0.14
PaCO, — mm Hg 42+16 41=14
PaO, — mm Hg 110+75 123+84(f
Sa0, — % 95+5 96::4(f
SvO, — %99 649 6213
Lactate — mmol/liter

Median 21 22

Interquartile range 12-43 1.2-3.8
Hemoglobin — g/dI 9.8+2.5 9.9+2.5
Creatinine — mg/d|

Median 14 13

Interquartile range 0.8-2.4 0.8-2.3
Respiratory rate — per min 21+8 21+8
Ratio of PaO, to F10, 210£157 236+165(]

Major therapeutic interventions

Mechanical ventilation — no. (%) 615 (71.7) 580 (70.6)
Tidal volume — ml/kg of ideal body weight 8.0£1.9 7.9+1.9
Positive end-expiratory pressure — cm of water 6+3 6+2
F10, 0.59+0.24 0.58+0.23

Renal-replacement therapy — no. (%) 63 (7.3) 61 (7.4)

Open-label norepinephrine
Patients treated — no. (%) 157 (18.3) 107 (13.0)§§
Dose — pg/kg/min 0.58+0.80 0.54+0.87

Epinephrine
Patients treated — no. (%) 13 (L.5) 9 (L1
Dose — pg/kg/min 1.1+2.8 1.3:19

Dobutamine
Patients treated — no. (%) 127 (14.8) 159 (19.4) |
Dose — pg/kg/min 10+6 916

Vasopressin
Patients treated — no. (%) 2(0.2) 2(0.2)
Dose — U/min 0.03 0.03

Corticosteroids — no. (%) || 101 (11.8) 76 (9.3)

* Plus-minus values are means +SD. To convert the values for creatinine to micromoles per liter, multiply by 88.4. FIO,
denotes fraction of inspired oxygen, PaCO, partial pressure of arterial carbon dioxide, PaO, partial pressure of arterial

oxygen, SaO, arterial oxygen saturation, and SvO, venous oxygen saturation.

T Scores on the Acute Physiologic and Chronic Health Evaluation Il (APACHE Il) scale range from 0 to 71, with higher

values indicating more severe disease.*®

-+

er scores indicating more severe organ dysfunction.*®

dures.

- e

P<0.05 for the comparison of norepinephrine with dopamine.

** Data were available for 277 patients.
7T Data were available for 1249 patients.
11 Data were available for 336 patients.

§§ P<0.01 for the comparison of norepinephrine with dopamine.

99 Data were available for 357 patients.

Scores on the Sequential Organ Failure Assessment (SOFA) scale range from 0 to 4 for each organ system, with high-
Peridural shock refers to vasodilatory shock induced by peridural or epidural infusion in otherwise uncomplicated proce-

The 11 cases of intoxication were drug overdoses (5 cases) and voluntary intoxication with benzodiazepines (3), tricy-
clic antidepressants (2), and calcium-channel blockers (1).

[ Corticosteroids administered at baseline included hydrocortisone and prednisolone.
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Table 2. Mortality Rates.*
Odds Ratio
Time Period Dopamine Norepinephrine (95% Cl)f P Value
percent mortality

During stay in intensive care unit 50.2 459 1.19 (0.98-1.44) 0.07
During hospital stay 59.4 56.6 1.12 (0.92-1.37) 0.24
At 28 days 52.5 48.5 1.17 (0.97-1.42) 0.10
At 6 mo 63.8 62.9 1.06 (0.86-1.31) 0.71
At12 mo 65.9 63.0 1.15 (0.91-1.46) 0.34

* Data were available for 1656 patients in the intensive care unit, in the hospital, and at 28 days; for 1443 patients at

6 months; and for 1036 patients at 12 months.

T Odds ratios for death are for the comparison of the dopamine group with the norepinephrine group.

Probability of Survival (%)

No. at Risk
Norepinephrine
Dopamine

P=0.07 by log-rank test
80

Norepinephrine

60

Dopamine
404

20+

0 T T T T T T 1

0 4 8 12 16 20 24 28

Days since Randomization

821
858

617
611

553
546

432
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412
407

394
386

504
494

467
452

Population.

Figure 2. Kaplan-Meier Curves for 28-Day Survival in the Intention-to-Treat

786

Kaplan—Meier curves for the subgroup analysis
according to type of shock are shown in Figure 7
in the Supplementary Appendix.

DISCUSSION

In this multicenter, randomized, blinded trial com-
paring dopamine and norepinephrine as the ini-
tial vasopressor therapy in the treatment of shock,
there was no significant difference in the rate of
death at 28 days between patients who received do-
pamine and those who received norepinephrine.
Dopamine was associated with more arrhythmic
events than was norepinephrine, and arrhythmic
events that were severe enough to require with-
drawal from the study were more frequent in the

dopamine group. In addition, dopamine was as-
sociated with a significant increase in the rate of
death in the predefined subgroup of patients with
cardiogenic shock.

The rate of death at 28 days in this study was
close to 50%, which is to be expected in a study
with very few exclusion criteria and is similar to
the rate in previous observational studies.39:212+
Our trial was a pragmatic study that included all
patients who were treated for shock states, and
therefore, it has high external validity. The study
design allowed for maximal exposure to the study
drug, since we included patients who had received
open-label vasopressors for a maximum of 4 hours
before randomization and since during the 28-day
study period, the study drug was withdrawn last
when patients were weaned from vasopressor
therapies and was resumed first if resumption of
vasopressor therapy was necessary.

Smaller observational studies have suggested
that treatment with dopamine may be detrimen-
tal to patients with septic shock.39:1° However,
Pévoa et al. reported a lower rate of death among
patients treated with dopamine than among those
treated with norepinephrine.?* In our study, which
included more than 1000 patients with septic
shock, there was no significant difference in the
outcome between patients treated with dopamine
and those treated with norepinephrine.

Among patients with cardiogenic shock, the
rate of death was significantly higher in the group
treated with dopamine than in the group treated
with norepinephrine, although one might expect
that cardiac output would be better maintained
with dopamine?¢-2® than with norepinephrine. The
exact cause of the increased mortality cannot be

N ENGL) MED 362;9 NEJM.ORG MARCH 4, 2010

The New England Journal of Medicine
Downloaded from nejm.org by CESAR ALDECOA on October 6, 2015. For personal use only. No other uses without permission.
Copyright © 2010 Massachusetts Medical Society. All rights reserved.

93



Resucitacion Hemodinamica en el paciente critico

DOPAMINE AND NOREPINEPHRINE IN SHOCK

Table 3. Secondary Outcomes and Adverse Events.*
Dopamine Norepinephrine
Variable (N=858) (N=821) P Value
Support-free days through day 28
Vasopressors not needed
Trial drug 11.0+12.1 12.5£12.1 0.01
Open-label vasopressors 12.6£12.5 14.2£12.3 0.007
Mechanical ventilation not needed 8.5+11.2 9.5£11.4 0.13
Renal support not needed 12.8+12.4 14.0£12.3 0.07
Intensive care not needed 8.1+10.3 8.5+10.3 0.43
Length of stay — no. of days
Intensive care unit 0.12
Median 5 5
Interquartile range 1-11 2-12
Hospital 0.22
Median 11 12
Interquartile range 2-28 3-28
Cause of death in hospital — no./total no. (%) 0.31
Refractory shock 196/426 (46) 155/381 (41)
Withdrawal or withholding of therapy 193 /426 (45) 190/381 (50)
Brain death or severe postanoxic lesions 37/426 (9) 36/381 (9)
Adverse events
Arrhythmias — no. (%) 207 (24.1) 102 (12.4) <0.001
Atrial fibrillation 176 (20.5) 90 (11.0)
Ventricular tachycardia 21 (2.4) 8 (1.0)
Ventricular fibrillation 10 (1.2) 4 (0.5)
Myocardial infarction — no. (%) 19 (2.2) 25 (3.0) 0.29
New infectious episode
No. of episodes 0.69
Median 1 1
Interquartile range 0-1 0-1
Patients with at least one episode — no. (%) 674 (78.6) 619 (75.4) 0.35
Skin ischemia — no. (%) 56 (6.5) 34 (41) 0.09
Mild 46 (5.4) 28 (3.4)
Severe} 10 (1.2) 6(0.7)
Arterial occlusion — no. (%)§ 23 (2.7) 20 (2.4) 0.12
Arms or fingers 5(0.6) 1(0.1)
Legs 7 (0.8) 13 (1.6)
Bowel 11 (1.3) 6(0.7)

* Plus—minus values are means =SD.

1 Mild skin ischemia was defined as a cold and cyanotic skin area, with capillary refill time of more than 2 seconds.

I Severe skin ischemia was defined as cold and black skin, with no bleeding on puncture.

{§ Arterial occlusion in an extremity was considered to be present if an extremity was cold, if the capillary refill time was
prolonged (>2 seconds), and if there was no pulse in the nutritive artery. Vascular occlusion in the bowel was consid-
ered to be present if bowel ischemia was detected by laparotomy, computed tomography, or colonoscopy.
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Hazard Ratio (95% Cl)

Type of shock
Hypovolemic —
Cardiogenic —
Septic — -
All patients —.t
0!5 1.0 lTS

Norepinephrine  Dopamine
Better Better

Figure 3. Forest Plot for Predefined Subgroup Analysis
According to Type of Shock.

A total of 1044 patients were in septic shock (542 in
the dopamine group and 502 in the norepinephrine
group), 280 were in cardiogenic shock (135 in the do-
pamine group and 145 in the norepinephrine group),
and 263 were in hypovolemic shock (138 in the dopa-
mine group and 125 in the norepinephrine group). The
P value for interaction was 0.87.

determined, but the early difference in the rate
of death suggests that the higher heart rate with
dopamine may have contributed to the occurrence
of ischemic events. Whatever the mechanism may
be, these data strongly challenge the current Am-
erican College of Cardiology-American Heart As-
sociation guidelines, which recommend dopamine
as the first-choice agent to increase arterial pres-
sure among patients who have hypotension as a
result of an acute myocardial infarction.”

This study has several limitations. First, do-
pamine is a less potent vasopressor than norepi-
nephrine; however, we used infusion rates that

were roughly equipotent with respect to systemic
arterial pressure, and there were only minor dif-
ferences in the use of open-label norepinephrine,
most of which were related to early termination
of the study drug and a shift to open-label norepi-
nephrine because of the occurrence of arrhyth-
mias that were difficult to control. Doses of open-
label norepinephrine and the use of open-label
epinephrine and vasopressin were similar between
the two groups. Second, we used a sequential de-
sign, which potentially allowed us to stop the
study early if an effect larger than that expected
from observational trials occurred; however, the
trial was eventually stopped after inclusion of more
patients than we had expected to be included on
the basis of our estimates of the sample size.
Accordingly, all conclusions related to the primary
outcome reached the predefined power.

In summary, although the rate of death did
not differ significantly between the group of pa-
tients treated with dopamine and the group treated
with norepinephrine, this study raises serious con-
cerns about the safety of dopamine therapy, since
dopamine, as compared with norepinephrine, was
associated with more arrhythmias and with an
increased rate of death in the subgroup of pa-
tients with cardiogenic shock.
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APPENDIX

Other investigators and participants in the trial are as follows: R. Kitzberger, U. Holzinger, Medical University of Vienna, Vienna; A.
Roman, Centre Hospitalier Universitaire St. Pierre; D. De Bels, Brugmann University Hospital; S. Anane, Europe Hospitals St. Elisabeth,
and S. Brimioulle, M. Van Nuffelen, Erasme University Hospital — all in Brussels; M. VanCutsem, Centre Hospitalier Universitaire de
Charleroi, Charleroi, Belgium; J. Rico, J.I. Gomez Herreras, Rio Hortega University Hospital, Valladolid, Spain; H. Njimi (trial statisti-
cian), Université Libre de Bruxelles, Brussels; and C. Mélot (independent statistician and physician responsible for conducting sequen-
tial analysis and evaluation of serious adverse effects), Erasme University Hospital, Brussels.
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ABSTRACT

OBJETIVO

Durante mucho tiempo ha existido una controversia acerca de la posible superioridad de
la noradrenalina en comparacién con la dopamina en el tratamiento del shock. El objetivo
fue evaluar los efectos de la noradrenalina y dopamina en los resultados y los eventos

adversos en los pacientes con shock séptico.

FUENTE DE DATOS

Se realiz6 una busqueda sistematica de la MEDLINE, Embase, Scopus, y bases de datos

centrales, y de Google Scholar, hasta el 30 de junio, 2011.

SELECCION DE ESTUDIOS Y EXTRACCION DE DATOS

Se incluyeron todos los estudios que proporcionaron informacion sobre el resultado de los
pacientes con shock séptico tratados con dopamina en comparacién con la norepinefrina.
Se analizaron por separado los ensayos observacionales y aleatorios. Debido a que el
tiempo de la evaluacion de la mortalidad variaba entre los ensayos, se evalud la
mortalidad a los 28 dias o la estimacibn mas cercana. La heterogeneidad entre los
ensayos se evaludé mediante la prueba de homogeneidad Cochrane Q. Se construyé un
Forest Plot y se calcul6 el riesgo relativo agregado de muerte . El sesgo potencial de

publicacion se evalu6 mediante gréaficos (funnel plots).

METODOS Y RESULTADOS PRINCIPALES

Se recogieron de cinco ensayos observacionales (1.360 pacientes) y seis ensayos
aleatorios (1.408 pacientes) , un total de 2.768 pacientes (1.474 que recibieron
norepinefrina y 1.294 que recibieron dopamina). En los estudios observacionales, entre
los que hubo heterogeneidad de forma significativa (p <0,001), no hubo diferencias en la
mortalidad (riesgo relativo: 1,09; intervalo de confianza, 0,84-1,41; p = 0,72). Un analisis
de sensibilidad identificd un ensayo como responsable de la heterogeneidad; después de
la exclusibn de ese ensayo, no se observo heterogeneidad y la administracion de
dopamina se asocié con un mayor riesgo de muerte (riesgo relativo: 1,23; intervalo de
confianza, 1.05- 1.43; p <0,01). En los ensayos aleatorios, para los que no se detecté
sesgo de heterogeneidad o publicacién (p =0,77), la dopamina se asocié con un mayor
riesgo de muerte (riesgo relativo: 1,12; intervalo de confianza, 1,01-1,20; p =0.035). En

los dos ensayos que comunicaron arritmias, éstas fueron mas frecuentes con la
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dopamina que con la norepinefrina (riesgo relativo: 2,34; intervalo de confianza, 1,46-
3,77; p = 0.001).

CONCLUSIONES

En los pacientes con shock séptico, la administracion de dopamina se asocia con una
mayor mortalidad y una mayor incidencia de eventos arritmicos en comparacién con la

administracion de norepinefrina.

99



Resucitacion Hemodinamica en el paciente critico

Dopamine versus norepinephrine in the treatment of septic shock:

A meta-analysis*

Daniel De Backer, MD, PhD; Cesar Aldecoa, MD; Hassane Njimi, MSc, PhD; Jean-Louis Vincent, MD, PhD, FCCM

Objectives: There has long-been controversy about the possi-
ble superiority of norepinephrine compared to dopamine in the
treatment of shock. The objective was to evaluate the effects of
norepinephrine and dopamine on outcome and adverse events in
patients with septic shock.

Data Sources: A systematic search of the MEDLINE, Embase,
Scopus, and CENTRAL databases, and of Google Scholar, up to
June 30, 2011.

Study Selection and Data Extraction: All studies providing
information on the outcome of patients with septic shock treated with
dopamine compared to norepinephrine were included. Observational and
randomized trials were analyzed separately. Because time of outcome
assessment varied among trials, we evaluated 28-day mortality or clos-
est estimate. Heterogeneity among trials was assessed using the Co-
chrane Q homogeneity test. A Forest plot was constructed and the
aggregate relative risk of death was computed. Potential publication bias
was evaluated using funnel plots.

Methods and Main Resulis: We retrieved five observational (1,360
patients) and six randomized (1,408 patients) trials, totaling 2,768
patients (1,474 who received norepinephrine and 1,294 who received

dopamine). In observational studies, among which there was signif-
icant heterogeneity (p < .001), there was no difference in mortality
(relative risk, 1.09; confidence interval, 0.84-1.41; p = .72). A sen-
sitivity analysis identified one trial as being responsible for the
heterogeneity; after exclusion of that trial, no heterogeneity was
observed and dopamine administration was associated with an in-
creased risk of death (relative risk, 1.23; confidence interval, 1.05-
1.43; p < .01). In randomized trials, for which no heterogeneity or
publication bias was detected (p = .77), dopamine was associated
with an increased risk of death (relative risk, 1.12; confidence inter-
val, 1.01-1.20; p = .035). In the two trials that reported arrhythmias,
these were more frequent with dopamine than with norepinephrine
(relative risk, 2.34; confidence interval, 1.46-3.77; p = .001).

Conclusions: In patients with septic shock, dopamine admin-
istration is associated with greater mortality and a higher inci-
dence of arrhythmic events compared to norepinephrine admin-
istration. (Crit Care Med 2012; 40:725-730)

Kev Worbs: adrenergic agents; adverse effects; mortality; out-
come; vasopressor

eptic shock is a life-threaten-
ing condition associated with
mortality rates close to 50% (1,
2). Despite generous fluid ad-
ministration, vasopressor agents are of-
ten required to correct hypotension.
Among the available vasopressors, dopa-
mine and norepinephrine are used most
frequently (3). These adrenergic agents
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have different pharmacologic properties.
Both agents stimulate «-adrenergic re-
ceptors, resulting in vasopressor effects,
but this effect is weaker for dopamine
than for norepinephrine. However, dopa-
mine stimulates B-adrenergic receptors
more than norepinephrine, and this may
result in a greater increase in cardiac
output. However, this B-adrenergic stim-
ulation can also promote tachycardia and
arrhythmic events, increase cellular me-
tabolism, and may be immunosuppres-
sive (4). Finally, dopamine also stimu-
lates dopaminergic receptors, which may
result in increased splanchnic and renal
perfusion, although this effect does not
appear to prevent organ failure in criti-
cally ill patients (5). Dopaminergic stim-
ulation can also alter hypothalamo-
pituitary function, resulting in a marked
decrease in prolactin and growth hor-
mone levels (6).

Current guidelines recommend the
use of either dopamine or norepinephrine
as the first choice vasopressor in patients
with septic shock (7-10). Several obser-

vational studies have suggested that do-
pamine administration may be associated
with higher mortality rates than norepi-
nephrine administration (3, 11, 12), al-
though one study reported the reverse
(13). In 2004, a meta-analysis conducted
by the Cochrane group (14) identified
only three randomized studies, including
62 patients in total, that compared the
effects of dopamine and norepinephrine
in patients with septic shock and pro-
vided information on outcome. They con-
cluded that these trials were underpow-
ered and that the evidence available at
that time was insufficient to determine
whether one agent was superior to the
other. Since then, the number of trials
comparing dopamine and norepinephrine
has markedly increased. In particular,
two randomized trials have specifically
evaluated the impact of dopamine on out-
come. A large-scale, multicenter, ran-
domized trial that included 1679 patients
with shock, of whom 1044 had septic
shock, found no significant differences in
outcome in patients treated with norepi-
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nephrine compared to those treated with
dopamine, but arrhythmic events oc-
curred more frequently with dopamine
than with norepinephrine (15). Another
single-center trial reported similar find-
ings (16). Two recent systematic reviews
by Vasu et al (17) and by Havel et al (18)
have evaluated the effects of dopamine
and norepinephrine on the outcome of
patients with shock, but these reviews
also included data from patients with
other types of shock than septic shock,
which may have driven the results (15).
The publication of this new evidence
prompted us to conduct a meta-analysis
of observational and interventional trials
comparing the effects of dopamine and
norepinephrine on outcome from septic
shock.

MATERIALS AND METHODS

Data Selection and Extraction

We conducted a systematic search of the
MEDLINE, Embase, and Scopus databases and
the Cochrane registry of clinical trials (last
access June 30, 2011) using the terms “sep-
sis,” “septic shock,” “shock,” “dopamine,”
“noradrenaline,” “norepinephrine,” “vaso-
pressor agent,” “outcome,” and “mortality”
(search strategy provided in supplemental
data [Supplemental Digital Content 1,
http://links.lww.com/CCM/A360]). We per-
formed an additional search using Google
Scholar. We also searched trial registries (clin-
ical trials.org and controlled-trials.com) and
abstracts of major congresses (Society of Crit-
ical Care Medicine, American Thoracic Soci-
ety, International Symposium on Intensive
Care and Emergency Medicine, and European
Society of Intensive Care Medicine) from 2005
to 2010. We included all studies that provided
information on the use, in isolation or com-
bined with other agents, of dopamine com-
pared to norepinephrine in patients with sep-
tic shock and provided outcome data. We
excluded animal trials (because these results
cannot be directly translated to humans), pe-
diatric trials (because infants may behave dif-
ferently from adults), and clinical trials with a
cross-over design (because the cross-over de-
sign does not allow identification of the role of
each intervention on outcome). Two investi-
gators (D.D.B. and C.A.) independently
screened studies by title and abstract to eval-
uate whether the trial fitted the inclusion cri-
teria. The time at which mortality was re-
ported in the original articles was variable. We
chose to use 28-day mortality as the outcome
assessment criterion for the purposes of our
meta-analysis because this was the primary
end point in the largest randomized trials (15,
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498 Manuscripts identified
in Pubmed, Embase, Scopus,

CENTRAL,
and le
288 not relevant
121 not mentioning outcome
78 review article
11 Articles reviewed
|
I 1
5 observational trials 6 interventional trials

Figure 1. Flow chart of systematic search.

16). For trials that did not provide 28-day
mortality rates, the mortality rate closest to
this value was selected. We also collected in-
formation about adverse effects (as defined in
the original articles), intensive care unit
length of stay, and organ dysfunction (vaso-
pressor-free, ventilator-free, and renal sup-
port-free days).

Two authors extracted data independently on
a predefined data extraction form. A two-by-two
summary table was completed for each outcome
and for each trial, summarizing the number of
patients who experienced the event or outcome
for each group and the total number of patients
in each group. These data were double-checked.
If there was any disagreement, then the source
data were evaluated jointly. Data of patients with
septic shock were extracted from trials including
patients with septic together patients with other
types of shock (3, 15).

For randomized trials, two authors inde-
pendently collected information from all stud-
ies to assess the risk of bias using the Co-
chrane risk of bias tool (19). We collected
information on: allocation to treatment con-
cealment; explicit inclusion and exclusion cri-
teria; adequacy of the population description;
similarity of patient care during the study pe-
riod; whether the data were analyzed in an
intention-to-treat fashion; adequacy of out-
come description; blinding of the clinical staff
to the intervention; and blinding of the outcome
assessor to the intervention. We assigned “ves”
or “no” to each item of the Cochrane risk of bias
tool. Finally, we also collected data on exposure
time to trial drug. Data are reported in accor-
dance to the PRISMA guidelines for systematic
reviews (20).

Statistical Analysis

We analyzed observational and randomized
trials separately. For each type of trial, we used
the risk ratio (RR) as the summary measure of
association. We evaluated statistical heterogene-
ity among studies using Cochrane Q and /* sta-

tistics (21). We evaluated publication bias by
means of visual inspection of the funnel plot and
using Egger test (22). We estimated the aggre-
gate effect and 95% confidence intervals using
the DerSimonian and Laird random effects
model (23). We a priori planned to perform
sensitivity analyses based on exposure time and
time of outcome assessment, and to evaluate
whether the results could have been affected by
a single study in case heterogeneity was de-
tected, defined as /> >75%. Meta-regression was
also performed using age, Acute Physiology and
Chronic Health Evaluation II score, Simplified
Acute Physiology Score II score, Sequential Or-
gan Failure Assessment score, mean arterial
pressure at baseline, mean arterial pressure dur-
ing therapy, heart rate at baseline, heart rate
during therapy, dopamine dose, and norepi-
nephrine dose as covariates. Data were analyzed
using IBM SPSS Statistics 19 for windows (IBM
Corporation, Somers, NY) and SAS version 9.2
(SAS Institute, Cary, NC). All reported p values
are two-sided and p < .05 was considered to be
statistically significant.

RESULTS

A total of 498 studies were identified,
of which 487 were excluded (irrelevant,
animal, or reviews) so that 11 trials were
kept for analysis. Five of these studies
were observational and six studies were
interventional studies (Fig. 1).

Observational Trials

We identified five observational stud-
ies (3, 11-13, 24) that evaluated the ef-
fects of dopamine or norepinephrine
against other vasopressor agents in a to-
tal of 1360 septic patients (Table 1). One
trial evaluated the use of norepinephrine
vs. all other agents (including dopamine)
(11), whereas the others compared use of

Crit Care Med 2012 Vol. 40, No. 3
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Table 1. Characteristics of observational studies

Type of Dopa/Norepi Exposure

First Author (Year) Comparison (n = 562/798) Time Mortality Rates
Martin (2000) (11) Norepi vs. others 40/57 NA“ 28-day + hospital
Hall (2004) (24) Dopa vs. norepi 51/49 NA? 28-day
Sakr (2006) (3) Dopa vs. others 174/292 NA“ Intensive care

(norepi mostly) unit + 30-day +

hospital

Povoa (2009) (13) Dopa or norepi 231/334% NA? Hospital

vs. others
Boulain (2009) (12) Dopa vs. others 66/66 NA? Intensive care

(norepi mostly)
matched pairs

unit + 28-day +
hospital

NA, not available.

“Not available because of the retrospective nature of these studies. Use of the agent was considered
as at least once during the shock episode but there was no certitude that the drug was used during the
entire shock period; °the total number of patients is higher (565) than the total number of patients
included in the trial (458) because some patients were treated both with norepinephrine and

dopamine.

Study Norepinephri Dop

Event Total Event Total
Martin et al. 35 57 34 40
Hall et al. 32 49 31 51
Sakr et al. 124 292 95 174
Povoaet al. 174 334 89 231
Boulain et al. 35 66 44 66
Overall 400 798 293 562

RR
Dopa/norepi
RR [95%Cl)
1.38[1.09-1.77) 4
0.93(0.69-1.26) -4
1.29[1.06-1.56) -4
0.74[0.61-0.90) -4
1.26(0.95-1.67) ——
1.09[0.84-1.41) ?
0 1 2 3

Figure 2. Forest plot of risk ratio (RR) of death (28 days or nearest estimate) in observational trials. The
p value for aggregate RR of dopamine (dopa) compared to norepinephrine (norepi) in observational studies
was .72. Relative weights of the different trials in the analysis: Martin et al (11) 20%; Hall et al (24) 18%;
Sakr et al (3) 21%; Povoa et al (13) 21%; and Boulain et al (12) 19%. There was significant heterogeneity
among the trials (p < .001, /2 = 79.3; confidence interval, 50.9%-91.3%); the trial by Povoa et al (13) was
identified to be responsible for the heterogeneity (see text for details). C/, confidence interval.

dopamine to nonuse of dopamine (3, 12,
13, 24). One trial matched patients who
received dopamine to those who received
norepinephrine (12).

There was significant heterogeneity
among the trials (p < .001; I* = 79.3;
confidence interval, 50.9%-91.3%).
There was no difference in the aggregate
relative risk (RR) of death for dopamine use
compared to norepinephrine use (RR, 1.09;
confidence interval, 0.84-1.41; p = .72)
(Fig. 2). Publication bias was unlikely from
funnel-plot analysis (Supplemental Fig. 1
[Supplemental Digital Content 1,
http:/links.lww.com/CCM/A360]) or using

Crit Care Med 2012 Vol. 40, No. 3

the Egger test (p = .78). A sensitivity anal-
ysis by Povoa et al (13) identified that one
trial was responsible for the heterogeneity.
After excluding this trial, no heterogeneity
was observed (p = .22; I* 32.3; confidence
interval, 0.0%-75.9%) and dopamine use
was then associated with an increased
risk of death compared to norepineph-
rine use (RR, 1.23; confidence interval,
1.05-1.43; p < .01) (Supplemental Fig.
2 [Supplemental Digital Content 1,
http://links.lww.com/CCM/A360]). The
Egger test showed no evidence of publi-
cation bias (p = .35). Meta-regression
could not be performed because informa-

tion on the various covariates was avail-
able only in a minority of the trials.

Interventional Studies

The six interventional trials (Table 2)
included a total of 1408 septic patients, of
whom 732 were allocated to receive do-
pamine and 676 norepinephrine. The two
largest trials used 28-day mortality as
their primary end point. In these trials
the patients had a longer exposure time
to either dopamine or norepinephrine
than in the other trials that used hemo-
dynamic end points as a primary outcome
variable. The latter trials were also rela-
tively small in size. There was no signifi-
cant heterogeneity among trials (p = .77;
P2 = 0; confidence interval, 0%—25%). The
aggregate RR of death with dopamine use
was significantly higher than with norepi-
nephrine use (RR, 1.12; confidence inter-
val, 1.01-1.20; p = .035) (Fig. 3). Neither
the funnel-plot analysis (Supplemental Fig.
3 [Supplemental Digital Content 1,
http://links.lww.com/CCM/A360]) nor the
Egger test (RR, 0.43) revealed any publica-
tion bias. Restricting the analysis to the
three trials with maximal exposure to do-
pamine or norepinephrine gave similar re-
sults (RR, 1.11; confidence interval, 0.99—
1.23; p = .06). Restricting the analysis to
the two trials providing 28-day mortality
gave similar results (RR, 1.10; confidence
interval, 0.99-1.22; p = .09).

Adverse Effects and Other
Outcomes

Arrhythmic events were reported in
two interventional trials but in none of
the observational trials (15, 16). In both
trials, there was a significant increase in
arrhythmic events in dopamine-treated
patients; as a result, the aggregated RR of
development of arrhythmias was signifi-
cantly higher with dopamine compared
to norepinephrine (Supplemental Fig. 4
[Supplemental Digital Content 1,
http://links.lww.com/CCM/A360]).

Intensive care unit and hospital length
of stay were reported in two interven-
tional trials (15, 16). There were no dif-
ferences in intensive care unit (RR, —0.3;
confidence interval, —1.5 to 1.0; p = .67)
or in hospital (RR, 0.0; confidence inter-
val, —2.8 to 2.6; p = .95) length of stay
between patients who received dopamine
and those who received norepinephrine.

Data on other adverse events and out-
comes were only provided in the study by

727

102



Resucitacion Hemodinamica en el paciente critico

Table 2. Characteristics of interventional studies

Martin Marik Ruokonen Mathur De Backer Patel
(1993) (27) (1994) (30) (2003) (29) (2007) (25) (2010) (15) (2010) (16)
Dopamine, n 16 10 5 25 542 134
Norepinephrine, n 16 10 5 25 502 118
Exposure time Weaning or dead 3 hrs 3 hrs 6 hrs Maximum 28 days Maximum 28 days
Type of patients Sepsis Sepsis Sepsis Sepsis Sepsis” Sepsis
Mortality rate Hospital Not defined Not defined Not defined 28 day” 28 day
Cochrane risk of bias in
included studies
Concealment on allocation No Yes No No Yes Yes (odd or even)
Inclusion/exclusion Yes Yes Yes Yes Yes Yes
Patient description No No No No Yes Yes
Similar care Yes Yes No Yes Yes Yes
Blinding of caregivers No No No No Yes No
Blinding of assessors No No No No Yes No
Intention to treat Yes Yes Yes Yes Yes Yes
Free from selective reporting Yes Yes Yes
Risk of bias for secondary
outcomes assessment in
included studies
Adverse events
Defined No No No No No Yes
Assessed No No No No No Yes
Time of assessment No No No No No Yes
Organ function
Defined No No No No Yes Yes
Assessed No No No No Yes Yes
Time of assessment No No No No Yes Yes

“In this trial, patients with other sources of shock were also included. The intention-to-treat analysis covers the whole population of 1679 patients
included in the trial. The authors extracted data of patients with sepsis only for this analysis. Other trials only included patients with sepsis; ®in this trial,
28-day mortality was the primary outcome, intensive care unit, hospital, and 6-month and 12-month mortality were also provided.

Study Norepinephri Dop

Event Total Event Total
Martin et al. 7 16 10 16
Marik et al. 5 10 6 10
Ruokonen et al. 4 5 3 5
Mathur et al. 14 25 19 25
De Backeretal. 249 502 201 542
Patel et al. 51 18 67 134
Overall 330 676 396 732

1.12[1.01-1.20]

RR
Dopa/norepi
RR [95%Cl]
1.43(0.73-2.80) _——
120(054267) i
0.75(0321.74)  —ft—
1.36(0.90-2.05) |
1.08(0.98-1.19) ‘
1.16(0.89-1.51] 4
¢
1

0 2 3

Figure 3. Forest plot of risk ratio (RR) of death (28 days or nearest estimate) in interventional trials.
The p value for aggregate RR of dopamine (dopa) compared to norepinephrine (norepi) in interven-
tional studies was .035. Relative weights of the different trials in the analysis: Martin et al (27) 2%;
Marik et al (30) 1%; Ruokonen et al (29) 1%; Mathur et al (25) 4%; De Backer et al (15) 81%; and Patel
et al (16) 10%. No heterogeneity was observed (p = .77; I* = 0; confidence interval, 0%-25%).

De Backer et al (15) and could not be
analyzed.

DISCUSSION

This systematic review reveals that do-
pamine use in patients with septic shock
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is associated with an increased risk of
death compared to norepinephrine use.
Dopamine use was also associated with an
increased risk of development of ar-
rhythmias. Interestingly, these results
are in agreement with a subgroup anal-

ysis of the trial by De Backer et al (15),
which showed an increased risk of
death in patients with cardiogenic
shock who received dopamine com-
pared to those who received norepi-
nephrine.

The results of this meta-analysis are in
agreement with the review by Vasu et al
(17) but differ slightly from those of
Havel et al (18). All trials had a similar
trend in aggregate point of estimate, but
this trend was significant in our trial and
in that by Vasu et al (17) (RR, 1.10; con-
fidence interval, 1.01-1.20) but failed to
reach significance in the trial by Havel et
al (18) (RR, 1.05; confidence interval,
0.97-1.15). Importantly, unlike our anal-
ysis, both these reviews (17, 18) included
patients with types of shock other than
septic shock. Inclusion of patients with
cardiogenic shock, in whom dopamine is
associated with a significant increase in
risk of death (15), may have driven the
results in the analysis by Vasu et al (17).
Although the review by Havel et al (18)
also included patients with cardiogenic
shock, this review was limited by the fact
that these authors incorporated only the
1036 patients with 12-month outcome
data from the trial by De Backer et al (15).
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In addition, they inverted survival and
death rates from the study by Mathur et
al (25), which favored the null hypothe-
sis. Our trial, focusing on patients with
septic shock and on the primary outcome
assessment time of each trial, confirms
this general trend and provides new and
important information for this important
group of patients.

The comparison of interventional
studies with observational studies yielded
some interesting results. The lack of a
significant difference in outcomes be-
tween dopamine and norepinephrine in
observational studies was mostly attrib-
utable to considerable heterogeneity in
the results and design of the various ob-
servational trials. Most of these trials in-
cluded different vasopressor agents as the
alternative comparator, which further in-
creased variability, making them difficult
to compare. Patients treated with dopa-
mine alone may differ from those treated
with norepinephrine alone, because nor-
epinephrine is a more potent vasopressor
and the vasopressor response to norepi-
nephrine is more consistent (26, 27) than
the response to dopamine (15, 27, 28). As
a result, patients treated with a single
vasopressor agent may have different in-
trinsic disease severity compared to those
treated with several vasopressors (28),
which makes comparisons more difficult.
Nevertheless, using multivariate analyses
(3) or matching pairs (12), several obser-
vational studies have suggested an in-
creased risk of death in patients treated
with dopamine compared to those who
received norepinephrine. Interestingly,
the magnitude of the effect was similar in
observational and in interventional trials,
and also became significant in observa-
tional studies when excluding the trial
that was identified as being responsible
for most of the heterogeneity.

A major strength of this analysis is
that the risk of having missed any trials is
small because we conducted a systematic
search of the main databases of medical
literature, without language restriction.
No other trials were identified from clin-
ical trial registries or from abstracts of
major congresses from 2005 to 2010. Al-
though we used different search terms
than those in the recent meta-analyses by
Vasu et al (17) and Havel et al (18), we
identified the same clinical trials. An-
other strength is the relatively large total
number of patients included. Finally, in
contrast to other reviews (17, 18), this
systematic review only included data
from patents with septic shock.
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This study has several limitations.
First, the end points of the various trials
differed. Many of the interventional trials
had hemodynamic end points as their pri-
mary goals (25, 27, 29, 30). Survival was
reported in these trials, but these do not
have the same statistical weight as the
two trials in which mortality was the pri-
mary end point (15, 16). Second, the time
at which outcome was evaluated also var-
ied, although it varied less than in other
reviews (18). To harmonize the mortality
assessment as much as possible, we de-
cided to align the outcome time assess-
ment at 28 days, which was used as the
primary outcome in the two largest ran-
domized trials (15, 16). It was also the
fixed end point provided in the majority
of the observational trials. Hence, 28-day
mortality end point was provided in 92%
of patients included in interventional tri-
als and in 65% of those included in ob-
servational trials. Admittedly, treatment
effects may sometimes vary over time.
Nevertheless, there was no indication
that this occurred from the large ran-
domized trial by De Backer et al (15) in
which the RR of death was 1.19 (confi-
dence interval, 0.98-1.44) at intensive
care unit discharge (median time in in-
tensive care unit, 5 days), 1.17 (confi-
dence interval, 0.97-1.42) at 28 days, 1.06
(confidence interval, 0.86-1.31) at 6
months, and 1.15 (confidence interval,
0.91-1.46) at 1 year (with follow-up of
1036 patients up to that time point). Re-
stricting the meta-analysis to the two tri-
als that provided information on 28-day
mortality (15, 16) provided a similar
point estimate than when incorporating
all interventional studies. Third, the in-
fluence of therapy on mortality beyond 28
days could not be assessed, but it is un-
likely that the type of vasopressor agent
had such a prolonged influence. The me-
dian time of exposure to vasopressors was
only 2 days and difference in Kaplan-
Meier curves was already noticed at ap-
proximately day 5, whereas the evolution
was parallel thereafter (15, 16). Expand-
ing the analysis to the longest estimate
provided similar information. Fourth, we
decided, a priori, to use the random ef-
fects method to aggregate results. We
preferred to use this strategy to limit the
weight of the two large trials because this
model gives more weight to the results of
smaller trials than the fixed-effect model
(20). If anything, this favored the null
hypothesis, as a fixed-effect analysis tends
to give narrower confidence intervals
than a random-effects analysis. Neverthe-

less, we observed a significant increase in
risk of death with dopamine therapy in
interventional trials. Fifth, the time of
exposure in a randomized fashion to do-
pamine or norepinephrine was limited to
a few hours in some of the randomized
trials (25, 29, 30), and there was no men-
tion of which vasopressor agent was used
thereafter in these patients (patients may
have received the alternate drug later on
in their course). Any exposure to dopa-
mine or norepinephrine may influence
outcome and incorporating trials with
short exposures in the analysis may limit
the chance to disclose differences be-
tween the agents. Nevertheless, limiting
the analysis to the three trials that en-
sured maximal exposure to trial drugs
provided similar results. Finally, this
study focused on patients with septic
shock, which were a subgroup of patients
in two of the trials (3, 15). It should not
be considered as an intention-to-treat
analysis. Expanding the analysis to the
whole population of these trials gave sim-
ilar results (Supplemental Digital Con-
tent 1, http:/links.lww.com/CCM/A360).

We chose to include observational tri-
als even though these may be affected by
undetected confounding factors, as illus-
trated by the considerable variability
among the studies. Admittedly, also, with
the exception of the trial of Boulain et al
(12), these observational studies did not
purely compare dopamine to norepineph-
rine. One agent (most often dopamine (3,
13) but norepinephrine in one study (11))
was isolated and compared to the other
agents. Nevertheless, in most trials the
alternate comparator was most com-
monly norepinephrine or dopamine, with
other agents being used in a minority of
cases. Acknowledging these limitations,
the incorporation of observational trials
provided an important message because
the aggregate effects were of similar mag-
nitude, supporting the use of observa-
tional trials to compute sample size for
interventional trials.

The trial by Povoa et al (13) had to be
excluded from the analysis. This exclu-
sion had a statistical basis because this
trial was identified as driving the hetero-
geneity of the results. One of the poten-
tial reasons for this heterogeneity com-
pared to other studies may have been the
unique way in which the results were
analyzed by the authors; patients were
identified either as receiving dopamine or
not (n = 231) and as receiving norepi-
nephrine or not (n = 334), which re-
sulted in some patients being counted
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twice because the total number of pa-
tients (n = 565) identified this way ex-
ceeded the number of patients in septic
shock included in this study (n = 458).
Data from patients receiving dopamine
vs. patients not receiving dopamine (or
patients receiving norepinephrine vs. pa-
tients not receiving norepinephrine),
which would have led to the only mean-
ingful comparison, were not available. It
was not possible to include patients
treated exclusively with norepinephrine
or dopamine from this trial, because this
would have induced a major bias. It has
been shown that patients who remain hy-
potensive and require addition of norepi-
nephrine to dopamine have a marked in-
crease in risk of death compared to
patients who can be treated by dopamine
alone (28). Restricting analysis to pa-
tients who receive dopamine in isolation
would, by definition, limits this group to
the less severe cases, as illustrated by a
28-day survival rate of approximately
80% in these patients compared to 59%
in all patients receiving dopamine, in iso-
lation or combined with norepinephrine,
in the trial by Povoa et al (13). Further-
more, even though this study (13) was
relatively large, its relative weight in
analysis was only 13% (and this was even
overestimated because we had to count
565 patients for this trial instead of the
458 patients included), so we did not ex-
clude one of the most important trials.

In summary, this systematic analysis
shows that dopamine, compared to nor-
epinephrine, is associated with a higher
incidence of arrhythmias and with an in-
creased risk of death in patients with sep-
tic shock.
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ABSTRACT

INTRODUCCION

El Fluid Challenge (FC) es una de las terapias mas utilizadas en pacientes en estado
critico y representa la piedra angular del manejo hemodinamico en unidades de cuidados
intensivos. La Fluidoterapia esta asociada a claros beneficios asi como a dafios
iatrogénicos. Existen datos limitados en la literatura sobre la indicacion, tipo, cantidad y
velocidad de un FC en pacientes criticos . El objetivo principal fue evaluar como los
meédicos llevan a cabo los FCs en términos de tipo, volumen y velocidad de fluido
administrado; el objetivo secundario fue evaluar las variables utilizadas para realizar un
FC y comparar la proporcién de pacientes que recibieron ademas mayor administracion

de fluidos en base a la respuesta al FC.
METODOS

Se trata de un estudio observacional realizado en unidades de cuidados intensivos en
todo el mundo. Cada unidad participante recogio un maximo de 20 pacientes con al

menos un FC.
RESULTADOS

2213 pacientes fueron incluidos y analizados en el estudio. La cantidad media [intervalo
intercuartilico] de fluido administrado durante un FC fue de 500 ml (500-1000). El tiempo
medio fue de 24 min (40-60 min), y el ritmo medio de infusion de FC era 1000 [500-1333]
ml / h. La principal indicacion para el FC fue la hipotensién en 1.211 (59%; IC del 57 a
61%). En el 43% (IC del 41 hasta 45%) de los casos o se utilizd ninguna variable
hemodinamica. Los marcadores estaticos de precarga se utilizaron en 785 de 2.213
casos (36%, IC 34 a 37%). Los indices dinamicos de respuesta a la precarga se
utilizaron en 483 de 2.213 casos (22%; IC del 20 a 24%). No se utilizé ninguna variable
de seguridad para el FC en el 72% (IC 70-74 de%) de los casos. No hubo diferencia
estadisticamente significativa en la proporcion de pacientes que recibieron otros liquidos
después de la FC entre los que la respuesta al FC fue positivo, de resultado incierto o

con una respuesta juzgada negativamente.
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CONCLUSIONES

En la préactica actual la utilizacion y la evaluacion del FC en pacientes criticos es
altamente variable . La prediccién de la respuesta a fluidos no se utiliza de manera
rutinaria, los limites de seguridad se usan muy poco, y la informacion de los FCs fallidos

anteriores no siempre se tiene en cuenta.
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Abstract Background: Fluid
challenges (FCs) are one of the most
commonly used therapies in critically
ill patients and represent the corner-
stone of hemodynamic management
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in intensive care units. There are clear FC. Results:
benefits and harms from fluid therapy.
Limited data on the indication, type,
amount and rate of an FC in critically
ill patients exist in the literature. The
primary aim was to evaluate how
physicians conduct FCs in terms of
type, volume, and rate of given fluid;
the secondary aim was to evaluate
variables used to trigger an FC and to
compare the proportion of patients
receiving further fluid administration
based on the response to the FC.
Methods: This was an observational
study conducted in ICUs around the
world. Each participating unit entered
a maximum of 20 patients with one

Introduction

Many liters of intravenous fluids are used per year to treat
critically ill patients worldwide. Fluids are one of the most
commonly used therapies in critically ill patients and rep-
resent the cornerstone of hemodynamic management in
intensive care units (ICUs) [1]. The basic physiological
target of administration of fluids is to improve tissue perfu-
sion. Hemodynamic optimization with fluids has been shown
to improve patient outcome when applied in the periopera-
tive period and in the early phases of sepsis [ 1—4]. Timing of
the intervention is important; in the context of shock, higher
fluid administration in the first 3 h was associated with better
outcome in a retrospective study [5]. On the other hand,
liberal administration of fluids may lead to a positive fluid
balance [6] which is independently associated with a poor
outcome [7]. Accordingly, in patients with respiratory fail-
ure, once hemodynamically stable, fluid restriction is
associated with earlier weaning from mechanical ventilation
[8].

Altogether, it seems reasonable to give the needed
amount of fluids when hemodynamically patients are
unstable and to restrict fluids when they are stabilized.
Such an approach makes physiological sense and in the-
ory should bring better outcomes to the patients. Whereas
in overt bleeding, fluids are often given without guidance
with specific hemodynamic monitoring, in other condi-
tions, when hypovolemia may be subtler or when the
response to fluids is more variable, fluids may be given on
the basis of monitoring their hemodynamic impact. This
practice, the “fluid challenge” technique (FC) was pro-
posed more than 30 years ago [9-11]. Over recent
decades new techniques have been developed in order to
monitor and predict the response to fluids. The roles of
static markers of preload such as central venous pressure
(CVP) and pulmonary artery occlusion pressure (PAOP)

2213 patients were
enrolled and analyzed in the study.
The median [interquartile range]
amount of fluid given during an FC
was 500 ml (500-1000). The median
time was 24 min (40-60 min), and
the median rate of FC was 1000
[500-1333] ml/h. The main indica-
tion for FC was hypotension in 1211
(59 %, CI 57-61 %). In 43 % (CI
41-45 %) of the cases no hemody-
namic variable was used. Static
markers of preload were used in 785
of 2213 cases (36 %, CI 34-37 %).
Dynamic indices of preload respon-
siveness were used in 483 of 2213
cases (22 %, CI 20-24 %). No safety

variable for the FC was used in 72 %
(CI 70-74 %) of the cases. There was
no statistically significant difference
in the proportion of patients who
received further fluids after the FC
between those with a positive, with an
uncertain or with a negatively judged
response. Conclusions: The current
practice and evaluation of FC in
critically ill patients are highly vari-
able. Prediction of fluid
responsiveness is not used routinely,
safety limits are rarely used, and
information from previous failed FCs
is not always taken into account.

have been questioned and dynamic indices of preload
have been studied [12—14]. The use of dynamic indices is
now recommended [4] but many technical limitations
may preclude their use.

However, no data exist on the manner in which FCs
are indicated and performed in critically ill patients
around the globe. We conducted a multicenter interna-
tional observational study aiming to evaluate the
indications, current practice, and judgment of benefit of
FCs in critical care settings. We hypothesized that there is
an extensive variation in the current practice of FC.

Methods

This was an observational study conducted by the ESICM
Trials Group (17-23 April 2013 or 23-29 May 2013) and
registered on ClinicalTrials.Gov (NCT01787071). ICUs
were able to enter the study in one of the 2 weeks. The
possibility to choose between 2 weeks was chosen in order
to compensate for differences in national holidays in dif-
ferent countries and therefore to maximize the recruitment
of study units. IRB approval was obtained in each country
and the local investigators were responsible to ensure that
with local and national requirements were fulfilled. In most
participating countries informed consent from the patient
was waived owing to the observational study design.
National coordinators and local investigators are listed in
the electronic supplementary material (ESM).

We included all consecutive adult (18 years old and
above) patients, up to a maximum of 20 per participating
unit, in whom an FC was performed during a 1-week period.
FC was defined as administration of any bolus of fluid
(crystalloid or colloid) in less than 2 h. Administration of
red blood cells or fresh frozen plasma was not considered as
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an FC. The exclusion criteria were previous inclusion in the
study, overt bleeding, and time of an FC exceeding
120 min. Only one FC, ideally the first, was considered for
each patient. Only one FC per patient was recorded.

We collected data on patient demographics, indica-
tions for the FC, the type, amount, and rate of fluids
administered, available hemodynamic variables, and
judgment on the efficacy and safety of the FC. The case
report form (CRF) is available in the ESM. Anonymous
CRF data were uploaded by local investigators using a
Web-based electronic CRF (Clinfile, Sevres, France). The
data were stored securely in a server located in Brussels.
All procedures regarding data management complied with
the EU directive on data protection (95/46/EC).

Study aims

The primary aim of this study was to evaluate how
physicians indicate FC.
The secondary aims were

— to evaluate the type, volume, and rate of fluid
administered during an FC.

— to evaluate variables used to trigger/indicate an FC, and
to judge the effect or safety of an FC.

— to compare the proportion of patients receiving further
fluid administration based on the response to the fluid
challenge, as judged by the bedside clinician after a
fluid challenge.

Statistical analysis

Categorical variables are described as numbers (percent-
ages) and continuous variables as mean (Zstandard
deviation), if normally distributed, or median [interquar-
tile range] if not normally distributed. The paired ¢ test or
Wilcoxon test was used to compare hemodynamic vari-
ables after the FC with baseline, when applicable.
Proportions of patients were compared with 7~ test and
data presented as proportions and odd ratios. A p value of
less than 0.05 was considered statistically significant. We
targeted a minimum of 100 study sites with a maximum
of 20 FCs each and a minimum of 1000 patients.

Results

We included 2279 patients with an FC from 311 centers
across 46 countries (ESM). Of those 2279, 66 patients
were excluded from the analysis as a result of at least one
exclusion criterion (see the study flow chart, Fig. 1 ESM).
A total of 2213 patients were analyzed.

Data on demographic factors and concomitant treat-
ment are presented in Table I. The main diagnostic
groups were sepsis (n = 595, 27.0 % [CI 25.2-28.9 %]),
cardiac (n = 454, 20.6 % [CI 18.9-22.3 %]), and respi-
ratory failure (n = 238, 10.8 % [CI 9.5-12.1 %]).

The median amount of fluid given during an FC was
500 ml [500-1000]. The median time was 24 min
[40—60 min], and the median rate of fluid administration
was 1000 [500-1333] ml/h. Crystalloids were the most
used (in 74.0 % [CI 72.2-75.8 %] of the cases) including
normal saline in 45.9 % [CI 25.2-28.9 %], and balanced
solutions were used in 53.5 % [CI 51.4-55.6 %] of FCs
(Table 2).

The main indication for fluid administration was
hypotension in 1211 (58.7 % [CI 56.7-60.1 %]) of FCs.
In 42.7 % [CI 40.6-44.8 %] of the cases no hemodynamic
variable was used to predict fluid responsiveness. Static
markers of preload were used in 785 of 2213 cases
(35.5 % [CI 33.5-37.5 %]). In 572 of 785 of these cases
(89.9 % [CI 87.8-92.0 %]) CVP was the leading variable
used (25.8 % [CI 24.0-27.6 %] of all FCs). Dynamic
indices of preload responsiveness were used in 483 of
2213 cases (21.9 % [CI 20.2-23.6 %]). In 238 of those
483 cases (49.3 % [CI 44.8-53.8 %]) passive leg raising
(PLR) was the leading variable (10.7 % [CI 9.4-12.0 %]
of all FCs) (Table 3).

The response to fluid administration was judged as
positive in 1544 of 2213 (69.8 % [CI 67.9-71.7 %]) of
the FCs, most often as an increase in arterial blood
pressure (1039 of 1544, 67.3 % [CI 65.0-69.7 %]). No
safety variable for the FC was used in 72.0 % [CI
70.1-73.9 %] of the cases. When used, CVP was the most
common variable (57 %). Further fluids were adminis-
tered in 1050 of 2213 (49.8 % [CI 47.7-51.9 %]) of the
cases. The proportion of patients who received further
fluids after was similar in patients with a positive
(47.9 £ 2.5 %), with an uncertain [52.4 + 7.1 %, OR
0.94 (0.76-1.16)] or with a negatively judged response to
FC [49.4 £ 6.6 %, OR 0.83 (0.62-1.13)] (p = 0.46 by 7
test) (Fig. 1).

Discussion

The two major findings of this large global multicenter
observational study comprising 2213 patients are first a
significant variability in the conduction of FC and second
the fact that the response to the initial FC does not have an
impact when prescribing further fluid administration.
These findings were observed in critically ill patients all
around the world. All aspects of the FC, the type, volume,
and rate of given fluids, and more importantly the indi-
cation, evaluation of possible benefit, and safety variables
used varied significantly. It is possible that some of the
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Table 1 Baseline

characteristics and léeg;;]{:e:i)
concomitant treatments in ; ..
critically ill patients Reason for admission to ICU [n (%)]
_ Medical
(N = 2213) !
Surgical

63 £+ 16
824 (37.3 [35.3-39.3))

962 (43.5 [41.4-45.6])
691 (31.2 [29.3-33.1])

Emergency surgical
Main diagnosis

548 (24.8 [23.0-26.6])

Sepsis 595 (27.0 [25.2-28.9))
Cardiac 454 (20.6 [18.9-22.3])
Respiratory 238 (10.8 [9.5-12.1])
Neurologic 180 (8.2 [7.1-9.3))
Trauma 141 (6.4 [5.4-74))
Intoxication 41 (1.9 [1.3-2.5)
Other 558 (25.3 [23.5-27.1])
SOFA score 7 [4-10]
Physiological variables

HR (bpm) 95 + 24

MAP (mmHg) 70 £ 16

CVP (mmHg) 8+5

Urine output (ml/h) 40 [20-80]

Fluid balance previous 24 h (ml) 2698 [1500-3945]
Lactate (mmol/L) 1.8 [1.1-2.9]

Vasopressor/inotropic agents
Dopamine (n (%); pg/kg min)

Norepinephrine (n (%); pg/kg min)

Epinephrine (n (%); pg/kg min)
Dobutamine (n (%): pg/kg min)

91 (4); 5 [4-10]
903 (41); 0.16 [0.07-0.34]
74 (3); 0.1[0.03-0.30]

159 (7); 4 [3-5]

Mechanical ventilation, n (%) of 2172

None
Noninvasive ventilation
Invasive mechanical ventilation

736 (33.8 [31.8-35.8])
64 (2.9 [2.2-3.6])
1372 (63.1 [61.1-65.1])

Characteristics of patients under invasive mechanical ventilation n (%) of 1372

Sedation present

Spontaneous ventilation included
Renal replacement therapy, n (%)
None

Dialysis

Hemofiltration

927 (67.6 [65.1-70.1])

602 (43.8 [41.2-46.4])
of 2087

1930 (92.5 [91.4-93.6])

58 (2.8 [2.1-3.5))

99 (4.7 [3.8-5.6])

Qualitative data are given as absolute number (percentage); quantitative data are given as median

value [interquartile range]

HR heart rate, MAP mean arterial pressure, CVP central venous pressure, CVVH continuous veno-

venous hemofiltration

variability may be explained by variables not collected in
our study, such as unit policies and protocols.

While we recorded only one FC per patient, we also
recorded the decision for further fluid administration post
FC. When looking at the response to fluid administration,
investigators found a positive response only in seven
cases out of ten. However, further fluids were given in
comparable proportions of patients despite the initial
response. If an FC is used to look at a dynamic response
and to decide whether further fluids may be administered
safely, one would expect that further fluids should be
administered only in patients with a positive initial
response. In our study the response to the initial fluid
challenge made no difference to the decision for further
fluid administration. This behavior seems to be harmful
and highlights a huge need for education.

This huge variability in the current practice regarding
an FC may reflect the presence of controversies in current
guidelines. In the Surviving Sepsis Guidelines fluids are

recommended in the very early phase of hemodynamic
resuscitation of patients with severe sepsis [ 15]. In this case
a fluid bolus is considered as administration of fluids of
30 ml/kg. In high-risk surgical patients fluid challenges are
often given in smaller amounts [11]. In the perioperative
setting there are guidelines covering the administration of
fluids recommending the use of fluids for stroke volume
optimization [16]. While it is true that different conditions
may require different techniques, our data show extensive
variability even within the same clinical condition.
Simple clinical signs led to FC in more than 80 %
patients (hypotension, 58.7 %:; oliguria, 18 %: or weaning of
vasopressors, 7.1 %). Of note, markers of inadequate tissue
perfusion such as lactate or skin mottling were used as an
indication for an FC only in less than 8 % of the cases. This
seems paradoxical since fluids are mostly indicated to
increase cardiac output [11, 17, 18] and tissue perfusion [19].
Moreover, some studies focused on microcirculation clearly
showed that clinical signs cannot predict microcirculatory
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Table 2 Fluid challenge (N = 2213) characteristics

Volume (ml), median [IQR]
Rate (ml/h), median [IQR]
Type of fluids

500 [500-999]
1000 [500-1333]
n

% Of category

% All fluids

Crystalloids 1713
NaCl 0.9 % 786
Balanced 916
G5 % DW 4
G5 % NaCl 045 % 7
Colloids 591
HES 249
Albumin 4-5 % 101
Gelatin 203
Dextran 13
Albumin 20 % 25

45.9 [43.5-48.3]
53.5 [51.1-55.9]
0.2 [0.0-0.4]
0.4 [0.1-0.7]

42.1 [38.1-46.1]
17.1 [14.1-20.1]
34.3 [30.5-38.1]
2.2 [1.0-3.4]
4.2 [2.6-5.8]

74.3 [72.5-76.1]
34.1 [32.1-36.1]
39.8 [37.8-41.8]
0.2 [0.0-0.4]
0.3 [0.1-0.5]
25.6 [23.8-27.4]
10.8 [9.5-12.1]
43[3.5-52]
8.8 [7.6-10.0]
0.5 [0.2-0.8]

1.1 [0.7-1.5]

NaCl saline, balanced crystalloids with chloride concentration lower than saline (i.e., Plasma Lyte, Hartman’s), G5 % glucose 5 %, DW

dextrose in water, HES hydroxyethyl starch

Table 3 Indications and variables used to predict fluid responsiveness (N = 2213)

Indication

n (%)

Hypotension
Weaning vasopressor
Cardiac output

1211 (58.7 [56.7-60.8])
146 (7.1 [6.0-8.2])
62 (3.0) [2.3-3.7]

Oliguria 372 (18.0 [16.4-19.6])
Skin mottling 36 (1.7 [1.2-2.2))
Lactate 128 (6.2 [5.2-7.2))
Sv0,/ScvO, 10 (0.5 [0.2-0.8])
SVV/PPV 37 (1.8 [1.3-2.4))
CVP/PAOP 60 (2.9 [2.2-3.6])
Hemodynamic variable used to predict fluid responsiveness n % Of category % All

No variable used 945 42.7 [40.6-44.8]
Any variable used 1268 57.3 [55.2-59.4]
Static 785 35.5 [33.5-37.5]
CVP 572 89.9 [87.8-92.0] 25.8 [24.0-27.6]
PAOP 31 49 [3.4-64] 1.4 [0.9-1.9]
GEDVI 33 5.2 [3.6-6.8] 1.5 [1.0-2.0]
Other 149 23.4 [20.4-26.4] 6.7 [5.7-7.8]
Dynamic 483 21.9 [20.2-23.6]
PPV 88 18.2 [14.8-21.6] 4.0 [3.2-4.8]
SVVv 88 18.2 [14.8-21.6] 4.0 [3.2-4.8]
PPV + SVV 24 5.0 [3.1-6.9] 1.1 [0.7-1.5]
PLR 238 49.3 [44.8-53.8] 10.7 [9.4-12.0]
Echo variables 45 9.3 [6.7-11.9] 2.0[1.4-2.6]

SvO, mixed venous oxygen saturation, ScvO, central venous oxy-
gen saturation, SVV stroke volume variation, PPV pulse pressure
variation, CVP central venous pressure, PAOP pulmonary artery

impairment [20] and that improving MAP and diuresis is not
sufficient for improving patient outcome [21-23].

These findings are in line with the ones published by
Boulain and coauthors [24]. In their study, limited to
ICUs in France, low blood pressure and low urine output
were the most used triggers for fluid administration. The
wider scope of our study demonstrates that this is com-
mon practice around the globe. It is interesting that so
much attention is paid to the blood pressure at the bed-
side. This variable is the most used both for triggering and
assessing the response to an FC. It is possible that the goal

occlusion pressure, GEDVI global end diastolic volume, PLR pas-
sive leg raising, Echo echocardiography

of many clinicians is the one of increasing BP with an FC.
On the other hand it is possible that arterial blood pressure
was used as a surrogate of cardiac output (CO). This
seems common practice despite the known limitations of
this variable when used to estimate CO. The increase in
arterial pressure during an FC for instance is variable and
depends on vascular tone and arterial elastance [25]. In
patients increasing their CO in response to fluids, arterial
blood pressure increases only in those with high arterial
elastance [26, 27]. In summary, while fluids are mostly
indicated to increase cardiac output [11, 17, 18] and tissue
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Fig. 1 Further fluid
administration post fluid
challenge

Percentage receiving
further fluid administration %

$

Fluid administration post fluid challenge

Further fluid administration — n (%)

1050 (47.4 £2.5)

with an initial positive response n (%) OR

739(47.9+25) Ref

with an initial negative response n (%) OR

212(494+6.6) OR 0.94 (0.76-1.16)

with an initial uncertain response n (%) OR

perfusion [19] and not to just to increase blood pressure,
at the bedside clinicians rely heavily on this variable both
to predict and assess fluid responsiveness (Table 4).

Importantly, in almost half of the patients no hemo-
dynamic variable was used to predict fluid
responsiveness—and if used CVP was used most often.
This is interesting considering that the CVP is a poor
variable to predict fluid responsiveness [12, 14, 28].

The use of dynamic indices of preload was infrequent
in our study. Cyclical changes in stroke volume (stroke
volume variation, SVV) and pulse pressure (pulse pres-
sure variation, PPV) during mechanical ventilation have
been shown to predict fluid responsiveness with high
sensitivity and specificity [29]. However, one of the
limitations is that the patient has to be in controlled
ventilation with tidal volumes equal to or higher than
8 ml/kg of ideal body weight [30], and with no arrhyth-
mias. It is possible that the limited use of these three
dynamic indices (in total 9 % of patients) was influenced
by a high prevalence of patients with preserved sponta-
neous breathing activity. Another possible explanation is
that we encouraged investigators to look at the first fluid
challenge in our study. In this case flow monitors may
have not have been in place yet. In this scenario though,
we would have expected a more prevalent use of
echocardiography. Of note, this was used to indicate FC
in only 2 % of the patients.

Passive leg rising is a maneuver that produces an
autologous fluid challenge by shifting venous blood from
the legs to the intrathoracic compartment. The response

99 (524=7.1) OR 0.83 (0.62-1.13)

measured by a flow monitor is able to predict the
response to a fluid challenge. This has been studied and
validated with different flow monitors. With a lower
degree of accuracy with respect to cardiac output and
stroke volume, blood pressure monitoring could be used
for this technique, too [31]. Considering that an increase
in blood pressure was used as the positive indicator of a
fluid challenge in two-thirds of the cases, our data
suggest that arterial pressure is the hemodynamic vari-
able on which the majority of clinicians focus.
Hypotension and weaning of vasopressor were the main
indications to give an FC and the response in arterial
pressure was the most used one for evaluation of pos-
sible benefit.

Our findings highlight a possible safety problem. Half
of the patients with a negative response received further
fluids. Of note, in three out four cases no safety limits
were used at all. While CVP is a poor marker of preload
and fluid responsiveness, it is one of the regulating
functions of the venous return and a raise in CVP may be
used as a safety limit [9, 32-34]. Given this finding and
that patients received further fluids despite no response to
the initial FC, the current practice and evaluation of FC
and fluid administration in critically ill patients seems to
be arbitrary, not evidence-based and possibly harmful.

We also found a high variability in the type of fluid
used with higher use of crystalloids compared to colloids.
It is difficult to interpret these results, since this study was
performed during a time of high debate among intensive
care clinicians following the publication of large
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Table 4 Judged response to

fluid challenge Negative response

Positive response
Uncertain

Response classification [no. (%) of 2162]

429 (19.8 [18.1-21.5])
1544 (71.4 [69.5-71.4])
189 (8.7 [7.5-9.9])

Variable use to evaluate response [no. (%)

of 1544 with positive response]

Increase in BP
Decrease vasopressors
Increase in CO
Increase in SV
Decrease in HR
Urine output
Lactate

Skin perfusion
Mental state
Scv0,/SvO,
SVV/PPV
CVP/PAOP
Other

Safety limit used [no. (%) of 2213]

1039 (67.3 [65.0-69.7])
56 (3.6 [2.7-4.5])

174 (11.3 [9.7-12.9])
100 (6.5 [5.3-7.7])
374 (24.2 [22.1-26.3])
590 (38.2 [35.8-40.6])
281 (18.2 [16.3-20.1])
128 (8.3 [6.9-9.7])
40 (2.6 [1.8-3.4])

77 (5.0 [3.9-6.1])

110 (7.1 [5.8-8.4])
256 (16.6 [14.7-18.5])
132 (8.5 [7.1-9.9])
577 (27.9 [25.7-30.1])

Variable used in the safety limit group [no. (%) of 577]

CVP
PAOP
GEDVI
EVLWI
SpO-_;/SaOZ
CO

SVV/PPV
Other

329 (57.0 [53.0-61.0])
39 (6.7 [4.7-8.8])

11 (1.9 [4.7-8.8])

28 (4.9 [3.1-6.7])

105 (18.2 [15.1-21.35])
8 (1.4 [0.4-2.4])

80 (13.9 [11.1-16.7])
120 (20.8 [17.5-24.1])

BP blood pressure, CO cardiac output, SV stroke volume, HR heart rate, SvO, mixed venous oxygen
saturation, ScvO, central venous oxygen saturation, SVV stroke volume variation, PPV pulse pressure
variation, CVP central venous pressure, PAOP pulmonary artery occlusion pressure, GEDVI global
end diastolic volume, EVLWI extravascular lung water index

randomized controlled trials advocating the use of crys-
talloids versus colloids [1, 35-38].

Our study has some obvious strengths. First, to the best
of our knowledge this study is the largest prospective
observational study investigating FCs in critically ill
patients and thus provides a reasonably exact estimate of
the current practice of the FCs given. Second, the inter-
national multicenter design limiting the cases from
individual sites increases its external validity. However,
there are several limitations of our study to be considered.
First, we recorded only when FCs were given and not when
FCs were not given. Thus, in practice we may have
underestimated the times when variables used to predict
fluid responsiveness were used. Second, we encouraged
investigators to record data on the first fluid challenge,
which may have several implications. At early stages, a
positive response to fluids is more likely and patients are
often less invasively monitored. Studying patients at later
stages may have yielded different results. Third, we
allowed a wide range of options (volume, type of fluid, first
or subsequent FC) to be recorded during an FC. It is pos-
sible that some investigators considered an FC what would
be normally defined a more sustained volume expansion.

We conclude that the current practice and evaluation
of FC in critically ill patients seems to be arbitrary.
While not demonstrable in this observational study, this
practice does not seem evidence-based and could be
harmful.

Our findings highlight an urgent need for more edu-
cational activities and more research to assess whether a
more standardized approach to a fluid challenge could
lead to better patient-centered outcomes.
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ABSTRACT

INTRODUCCION

En este estudio, nuestro objetivo fue determinar si un protocolo hemodinamico
perioperatorio basado en la monitorizacion del gasto cardiaco no invasivo disminuye la
incidencia de complicaciones postoperatorias y la duracion de la estancia hospitalaria en
los pacientes de cirugia abdominal mayor que requieren ingreso en la unidad de
cuidados intensivos. Los objetivos secundarios fueron el tiempo para la recuperacién del
peristaltismo y la incidencia de infeccion de la herida, de fugas anastomodticas, y la

mortalidad.
METODOS

Se realizé un ensayo clinico aleatorio en 6 hospitales de tercer nivel. Se admitieron en el
estudio ciento cuarenta y dos pacientes adultos programados para cirugia abierta
colorrectal, gastrectomia o reseccion del intestino delgado. Se compar6é un protocolo
hemodinamico incluyendo la administracién de liquidos y farmacos vasoactivos sobre la
base de la presion arterial sanguinea , el indice cardiaco, y la respuesta del volumen
sistolico con la practica habitual. Los pacientes se siguieron hasta el alta hospitalaria
(determinado por un cirujano ciego al estudio) o hasta el fallecimiento. En contraste con
estudios anteriores, se disefié un ensayo pragmatico (en comparaciéon con los ensayos
explicativos) para imitar la practica real y obtener la maxima validez externa para el

estudio.
RESULTADOS

La administracién de liquidos fue similar excepto por el nimero de bolos de coloide (2,4 +
1,8 [tratado] frente a 1,3 £ 1,4 [control]; p <0,001) y las unidades de concentrados de
hematies (0,6 + 1,3 [tratado] frente a 0,2 + 0,6 [Control] ; P = 0,019). La dobutamina fue
utilizada en un 25% (intraoperatoriamente) y un 19,4% (después de la operacién) de los
pacientes tratados frente a un 1,4% y 0% en el grupo control (P <0,001). Hemos
observado una reduccion en la tasa de reoperaciones en el grupo tratado (5,6% frente a
15,7%; P = 0,049). Sin embargo, no se observaron diferencias significativas en las

complicaciones generales (40% vs 41%; riesgo relativo 0,99 [0,67-1,44]; p = 0,397),
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duracién de la estancia (11,5 [8-15] frente a 10,5 [8-16]; P = 0,874), tiempo hasta el
primer ruido intestinal (62 horas [40-76] vs 72 horas [48-96]; p = 0,180), infeccién de la
herida (7 vs 14, p = 0,085), fugas anastométicas (2 vs 5; P = 0,23), o la mortalidad (4,2%
vs 5,7%; P = 0,67).

CONCLUSIONES

Los resultados de nuestro estudio pragmatico indican que un protocolo hemodinamico
perioperatorio en cirugia abdominal mayor guiado por un monitor no invasivo de gasto
cardiaco no se asoci6 con una disminucion en la incidencia de complicaciones generales

o duracion de la estancia.
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thErapy in Major Abdominal Surgery)

David Pestana, PhD,* Elena Espinosa, PhD,T Arieh Eden, MD,f Diana Najera, MD,*

Luis Collar, MD,§ César Aldecoa, MD,|| Eva Higuera, MD,{ Soledad Escribano, MD,t

Dmitri Bystritski, MD,+ Javier Pascual, PhD,§ Pilar Fernandez-Garijo, MD, || Blanca de Prada, MD,
Alfonso Muriel,# and Reuven Pizov, MD+

BACKGROUND: In this study, our objective was to determine whether a perioperative hemo-
dynamic protocol based on noninvasive cardiac output monitoring decreases the incidence of
postoperative complications and hospital length of stay in major abdominal surgery patients
requiring intensive care unit admission. Secondary objectives were the time to peristalsis recov-
ery and the incidence of wound infection, anastomotic leaks, and mortality.

METHODS: A randomized clinical trial was conducted in 6 tertiary hospitals. One hundred forty-
two adult patients scheduled for open colorectal surgery, gastrectomy, or small bowel resection
were enrolled. A hemodynamic protocol including fluid administration and vasoactive drugs
based on arterial blood pressure, cardiac index, and stroke volume response was compared
with standard practice. Patients were followed until hospital discharge (determined by a surgeon
blinded to the study) or death. In contrast to previous studies, we designed a pragmatic trial
(as opposed to explanatory trials) to mimic real practice and obtain maximal external validity
for the study.

RESULTS: Fluid administration was similar except for the number of colloid boluses (2.4 £ 1.8
[treated] vs 1.3 £ 1.4 [control]; P < 0.001) and packed red blood cell units (0.6 = 1.3 [treated]
vs 0.2 + 0.6 [control]; P = 0.019). Dobutamine was used in 25% (intraoperatively) and 19.4%
(postoperatively) of the treated patients versus 1.4% and 0% in the control group (P < 0.001).
We have observed a reduction in reoperations in the treated group (5.6% vs 15.7%; P = 0.049).
However, no significant differences were observed in overall complications (40% vs 41%; relative
risk 0.99 [0.67-1.44]; P = 0.397), length of stay (11.5 [8-15] vs 10.5 [8-16]; P = 0.874), time
to first flatus (62 hours [40-76] vs 72 hours [48-96]; P = 0.180), wound infection (7 vs 14; P =
0.085), anastomotic leaks (2 vs 5; P = 0.23), or mortality (4.2% vs 5.7%; P = 0.67).
CONCLUSIONS: The results of our pragmatic study indicate that a perioperative hemodynamic
protocol guided by a noninvasive cardiac output monitor was not associated with a decrease
in the incidence of overall complications or length of stay in major abdominal surgery. (Anesth
Analg 2014;119:579-87)
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fields of perioperative care.! Many aspects of surgical care,
including anesthesia, analgesia, reduction of surgical stress,
temperature control, nutrition, minimally invasive sur-
gery, and others, have shown to improve outcome’ and are
included in the Enhanced Recovery after Surgery (ERAS)
pathway. Perioperative fluid management, individualized
goal-directed therapy (GDT), and cardiovascular opti-
mization have received increased interest recently. The
choice between liberal versus restrictive perioperative fluid
therapy?” and the type of fluid used* have been debated.
Liberal and restrictive intravascular volume regimens are
not well-defined, so patients can be assigned to different
groups depending on the study design.® The use of GDT for
intravascular volume replacement has been proposed with
inconclusive results.'? Some studies have included the use
of vasoactive drugs in the hemodynamic protocol mostly
showing beneficial effects.”*’ Cardiovascular optimization
has been achieved using different hemodynamic goals.”™
151721 Most of these studies have been performed during the
intraoperative period,”'>>!” and only a few have analyzed
the immediate postoperative!®'® or perioperative (including
surgery and the first postoperative 24 hours) periods. 3141920
All these studies share the need for invasive monitoring:
esophageal probe,”! arterial catheter,'*'>!>'8 or a pulmo-
nary artery catheter.!3!141920 Several meta-analyses have con-
cluded that hemodynamic optimization improves outcome
in high-risk surgical patients,*”* and all forms of moni-
toring appear to be effective. However, most of the stud-
ies are single-center, unblinded, include a small number of
patients, and the presence of significant heterogeneity and
inconsistency limits the strength of the evidence. Besides,
the lack of benefits observed in some studies including a
large multicenter trial casts doubts on the generalization of
this approach.!1#16

The NICOM™ (Cheetah Medical, Washington, DE) is
a noninvasive cardiac output monitoring device based on
chest bioreactance that has been validated in clinical prac-
tice.»” The NICOM requires the connection of 4 double-
electrode stickers symmetrically placed on the thorax. The
upper electrode pair delivers a small alternating current,
and the lower pair analyzes the variation in the frequency
spectra of the delivered current (bioreactance). The time
delay between the applied current and the measured volt-
age (“phase shift”) is correlated with cardiac stroke volume
and allows the monitoring of cardiac output.

We analyzed in a randomized controlled trial whether
a perioperative GDT based on noninvasive hemodynamic
monitoring aiming at the optimization of arterial blood
pressure and cardiac output is associated with a decrease in
hospital length of stay (LOS) and the incidence of postop-
erative complications in major abdominal surgery patients
requiring postoperative intensive care unit (ICU) admission
compared with standard practice. Our secondary objectives
were the time to peristalsis recovery (first flatus) and the
incidence of wound infection, anastomotic leaks, and hos-
pital mortality.

METHODS

This randomized, multicenter clinical trial (clinicaltrials.gov
Identifier: NCT01217151) was conducted in 6 tertiary hos-
pitals (5 in Spain and 1 in Israel) between January 2011 and
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August 2012. During the study, none of the hospitals was
following the ERAS pathway. The study was approved by
the local ethics committee of each participating center, and
all patients gave their signed informed consent. Patients
were followed until hospital discharge (determined by a
surgeon not involved in the study) or death.

Study Participants

Adult patients scheduled for open colorectal surgery, gas-
trectomy, or small bowel resection were eligible for the
study. Patients were excluded if not requiring ICU admis-
sion or in case of laparoscopic or emergency surgery,
abdominal procedures not related to the above mentioned,
intra-abdominal infection, life expectancy <60 days, and
disseminated malignancy. ICU admission was decided
based on local standard protocols.

Study Design

Patients were screened for eligibility by a member of the
research team. Patients meeting inclusion criteria were
randomized (ratio 1:1, stratified by center) and assigned
to GDT or control groups by computer-generated random
sequence. The assignment of study groups was placed
in serially numbered opaque envelopes. Patient charac-
teristics and clinical data, including ASA physical status
and the Portsmouth Physiological and Operative Severity
Score for the enumeration of Mortality and morbidity
(P-POSSUM)* to adjust surgical risk, were recorded. The
use of bowel clearance procedures and the amount of
fluids administered in the 12-hour period before surgery
were also registered.

In the control group, hemodynamic management was
performed according to the institution’s standard of care,
using fluids and vasoactive drugs at the discretion of the
anesthesiologist, and the ICU specialist. In the GDT group,
hemodynamic management followed a protocol aiming at
maintaining both a mean arterial blood pressure (MAP) 265
mm Hg and a cardiac index (CI) 22.5 L/min/m? (intra- and
postoperatively; Fig. 1). Measurement of noninvasive car-
diac output was initiated before the induction of anesthesia.
For intravascular volume replacement, crystalloids (lac-
tated Ringer’s solution or saline 0.9%) were infused follow-
ing standard procedures according to the anesthesiologist
or ICU specialist. Both the MAP and the CI were assessed
every 5 minutes, and volume boluses (250 mL colloid in 10
minutes, starch or gelatin following local practice) and/
or vasoactive drugs (dobutamine, norepinephrine) were
added as necessary to achieve the hemodynamic goals. The
protocol was instituted after the induction of anesthesia and
continued for 24 hours after ICU admission.

In all cases, the anesthetic procedure, including the
placement of an epidural catheter, was decided by the
responsible anesthesiologist. Packed red blood cells were
administered at the discretion of the anesthesiologist (our
perioperative care protocol only suggested to use a hemo-
globin level of 7 g/dL as a threshold for healthy patients
and 9 g/dL in patients with pulmonary or cardiac disease).
Patients’ lungs were ventilated (Fro, 20.5) with a tidal vol-
ume of 8 mL/kg (ideal body weight) and an initial respira-
tory rate of 12 breaths/min adjusted to achieve an end-tidal
CO, between 30 and 40 mm Hg. Pain control was achieved
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MAP 2 65 mmHg AND
Cl2 2.5 L/min/m?

*Assess the systolic volume response:
- If > 10% give additional bolus

: - If < 10% and Cl < 2.5 L/min/m?: Dobutamine

Figure 1. Goal-directed therapy protocol.
MAP = mean arterial blood pressure (mm Hg).
Cl = cardiac index (L/min/m?).

NOTHING I

according to local standard procedures: epidural catheter (if
present) or patient-controlled analgesia devices with mor-
phine (if included in local protocols).

Intraoperative data included the duration of the proce-
dure, fluid input and output (diuresis, hemorrhage), the
use of vasoactive drugs, and the occurrence of prespecified
complications. Fluid balances were defined.

On admission to the ICU, MAP, heart rate, temperature,
hemoglobin, and lactate were recorded. The duration of
mechanical ventilation (MV, hours) and ICU stay (days)
included the sum of all periods of MV and ICU stay during
hospital admission.

Outcome

Hospital LOS was defined as the number of days from the
day of surgery to hospital discharge or death. Discharge
was decided by surgeons blinded to study group alloca-
tion. Morbidity was expressed as the sum of all prespecified
complications. Renal failure was defined as at least a dou-
bling of serum creatinine or oliguria (<500 mL/24 hours).
Pulmonary edema or circulatory failure (sustained low car-
diac output and hypotension) not related to infection was
considered cardiac failure. Infections were defined accord-
ing to standard criteria (see text, Supplemental Digital
Content 1, http://links.lww.com/AA/A911). Secondary
variables included the time to first flatus (considering time
zero the end of surgery), the presence of wound infection or
anastomotic leaks, and any cause mortality.

Data were recorded on a case report file by the principal
investigator at each center and included in a database created
for this study. Data were obtained from the clinical files com-
pleted by the surgeons responsible of the patient (blinded
to the study). Validation of the data (conformity between
the case report file and the database, screening for internal
coherence of recorded values, detection of abnormalities, and
discrepancies according to the plan of controls previously
prepared) was performed by the principal investigator.

September 2014 ¢ Volume 119 © Number 3

NO || - If < 10% and Cl > 2.5 L/min/m?: Norepinephrine

[ colloid 250 mL (10 min) |
|

MAP 2 65 mmHg AND
Cl 2 2.5 L/min/m?

|
e

[ colloid 250 mL (10 min) |
[

MAP265mmHg AND e m o c - = = i
Cl> 2.5 L/min/m?

|
T | 1

YES MAP < 65 mmHg MAP > 65 mmHg MAP < 65 mmHg
Cl>2.5 L/min/m? | | Cl < 2.5 L/min/m? Cl< 2.5 L/min/m?

[ Norepinephrine | | Dobutamine || Colloid 250 mL (10 min)*

Sample Size

Based on previous literature, we estimated that any com-
plication may appear in 65% of cases (Supplemental Digital
Content 2, http://links.lww.com/AA/A912), and we con-
sidered a reduction from 65% to 40% clinically relevant.
Assuming a 2-sided type I error rate of 5% and a power
of 80%, we calculated that a sample size of 140 patients
would be required to detect a reduction in the proportion of
patients developing complications from 65% in the control
group to 40% in the GDT group (* test). With respect to
hospital LOS, a sample size of 70 in each group would have
an 80% power to detect a probability of 0.637 that an obser-
vation in group GDT was less than an observation in the
control group using a Wilcoxon (Mann-Whitney) rank-sum
test with a 0.05 two-sided significance level.”

Statistical Analysis

Qualitative data are described as absolute and relative fre-
quencies and quantitative data by mean + standard devia-
tion (SD) or median (25th and 75th percentile). A Cochran
and Mantel-Haenszel statistics test stratified by center was
used to compare the GDT and control groups in terms of
incidence of complications. For qualitative data, differences
between groups were tested by the Pearson y? test and for
quantitative data by the Student  test or the Mann-Whitney
rank-sum test if the distribution of the variable departed
from normality. In the case of LOS, WMWodds was also
calculated from the receiver operating characteristic model
area under the curve.”? Adjusted regression models using
predefined variables (P-POSSUM and fluid balance) were
performed by interaction contrasts. Statistical significance
was defined as a P value <0.05. Statistical analysis was per-
formed with the Stata 12 (StataCorp LP, College Station, TX).

RESULTS

One hundred forty-two patients (control 70, GDT 72) were
included in the study between January 2011 and August
2012 (Fig. 2). No difference between groups was observed
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Assessed for eligibility (n=205)

Excluded (n=35)
Refused to participate (n=19)
Operation cancelled (n=4)
NICOM not available (n=4)
Anesthetist not compliant with
the protocol (n=8)

—{ Randomized (n=170) ]—

Allocated to Control group (n=85) | I Allocated to GDT group (n=85)
Figure 2. Flow of participants. GDT = Goal-
Excluded (n=15) Excluded (n=13) directed therapy. ITT = Intention-to-treat.
—> | Change of surgical procedure (n=9) —>| Change of surgical procedure (n=10)
Not admitted to the ICU (n=6) Not admitted to the ICU (n=3)
Control ITT population (n=70) GDT ITT population (n=72)

Goals not achieved (n=6)
——>| Protocol violation (n=2)
NICOM: technical problems (n=1)

I Control population (n=70) I I GDT completed population (n=63)
in patient characteristics, comorbidity, bowel clearance, sur- the protocol. In 1 case, it was due to technical problems with
gical procedure, or perioperative use of epidural catheters the NICOM after induction of anesthesia. In the remaining

(Table 1). Nine patients in the GDT group did not complete 8 cases, dobutamine was not used, despite being indicated

Table 1. Patient Characteristics, Type of Surgery, Preoperative Morbidity, and Periope e Use of Epidural

Catheter
Control (n = 70) GDT (n=72) P

Age 74 (64 t0 79) 73.5 (63.5 to 80) 0.984
Weight 73 (63 to 83) 73.5(62.5 to 82.5) 0.928
BMI 26 (24 to 30) 27 (24 to 30) 0.923
P-POSSUM 35 (28 to 58) 38 (26.5 to 58.5) 0.591
Preoperative hemoglobin (g/dL) 11.8 (10.6 to 13) 12.1 (11.3 to 13.7) 0.129
Gender (female) 30 (42.9) 32 (44.49) 0.849
Cancer 61 (87.1) 62 (86.1) 0.857
Renal insufficiency 6 (8.6) 11 (5.3) 0.218
Chronic obstructive pulmonary disease 14 (20) 15 (20.8) 0.902
Hypertension 39 (55.7) 45 (62.5) 0.411
Ischemic heart disease 10 (14.3) 16 (22.2) 0.221
Peripheral vascular disease 5(7.1) 4 (5.6) 0.698
Congestive heart failure 7 (10) 7(9.7) 0.956
Cerebrovascular disease 6 (8.6) 6(8.3) 0.959
Arrhythmia 18 (25.7) 15 (20.8) 0.491
Diabetes mellitus 21 (30) 19 (26.4) 0.632
Liver cirrhosis 3(4.3) 1(1.4) 0.297
Previous abdominal surgery 36 (51.4) 39 (54.2) 0.744
Bowel clearance procedure 51 (72.9) 57 (79.2) 0.378
Surgical anastomosis 66 (94.3) 67 (93.1) 0.764
Colonic surgery 50 (71.4) 54 (75) 0.631
Abdominal perineal resection 3(4.3) 2(2.8) 0.626
Gastric surgery 11 (15.7) 11 (15.3) 0.943
Other surgical procedure 6 (8.6) 5(6.9) 0.717
ASA physical status

| 2(2.9) 2(2.8) 0.977

] 34 (48.6) 31 (43.1) 0.510

1]l 34 (48.6) 37 (51.4) 0.737

v 0(0) 2(2.8) 0.160
No epidural 55 (78.6) 56 (77.8) 0.909
Lumbar epidural 14 (20) 13(18.1) 0.768
Thoracic epidural 1(1.4) 3(4.2) 0.324

Quantitative data are expressed as median (25th-75th percentile). For qualitative data, percentages are expressed in brackets.

GDT = goal-directed therapy. BMI = body mass index. P-POSSUM = Portsmouth Physiological and Operative Severity Score for the enumeration of mortality and
morbidity. ASA = American Society of Anesthesiologists physical status.
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Table 2. Surgical Time and Perioperative Fluid Balances

Surgical time (min)

Vol 12-h presurgery (mL)

Vol 12-h presurgery (mL/kg/h)
Presurgical fluid deficit

Vol OR (mL)

Vol OR (mL/kg/h)

Diuresis OR (mL)

Diuresis OR (mL/kg/h)
Hemorrhage OR (mL)
Hemorrhage OR (mL/kg)
Packed red blood cells OR (units)
Fresh frozen plasma OR (units)
Colloid boluses

Balance presurgery/OR (mL)
Balance presurgery/OR (mL/kg)
Total balance (mL)

Total balance (mL/kg)

Vol ICU 24 h (mL)

Vol ICU 24 h (mL/kg)

Control (n = 70)
180 (135 to 240)
200 (0 to 300)
0.2 (010 0.3)
~720 (-900 to -520)
2325 (1600 to 3000)
9.8 (810 12)
310 (200 to 500)
1.2 (0.8 to 2.1)
250 (200 to 400)
3(2.1105.6)
0(0to0)
0(0to 0)
1(0to2)

965 (480 to 1570)
13.3 (6.4 t0 19.7)
-312.5 (-850 to 35)
-4.3 (-12.2 10 0.4)
3100 (2750 to 3800)
42.1 (37.3 to 54.5)

GDT (n = 72) P
184.5 (132.5 to 240) 0.969
200 (0 to 500) 0.383

0.2 (0 t0 0.5) 0.336
-660 (-920 to —420) 0.416
2500 (1625 to 3000) 0.462
10 (8 to 14.5) 0.341
237.5 (150 to 540) 0.414
1.2(0.8t02) 0.605

300 (200 to 500) 0.220
4(21t07.1) 0.404
0(0to1) 0.019
0(0to0) 0.162
2(1t03) <0.001
1092.5 (432.5 to 1825) 0.460
15.7 (5.4 to 25.1) 0.461
-262.5 (-867.5 to 360) 0.334
-3.6 (-13 0 4.8) 0.406
3200 (2650 to 3875) 0.757
41.3 (32.5 to0 53.6) 0.656

Data are expressed as median (25th—75th percentile).

GDT = goal-directed therapy. Vol = volume infused. OR = operating room. ICU = intensive care unit. Presurgical fluid deficit = fluids administered 12 hours before
surgery minus 1 mL/kg/h. Balance presurgery/OR = presurgical deficit + fluids infused in the OR (including boluses) minus diuresis minus hemorrhage. Total
balance = balance presurgery/OR minus estimated intraoperative insensitive losses (6 mL/kg/h).

Table 3. Use of Vasoactive Drugs and Complications in the Intraoperative Period, Hemodynamic Variables,

Temperature, Lactate, and Hemoglobin Obtained on Admission to the Operating Room (OR) or the Intensive
Care Unit (ICU)

Control (n = 70)
Dobutamine OR 1(1.4)
Noradrenaline OR 4 (5.7)
Ephedrine OR 22 (31.4)
Bowel perforation 1(1.4)
Arrhythmia OR 2(2.9)
Hemorrhage >10 mL/kg 4 (5.7)
MAP OR 96 + 16
HR OR 80 %12
MAP ICU 91+ 15
HR ICU 79+ 15
Temperature ICU (°C) 35.4+0.7

Lactate ICU (mmol/L)*
Hemoglobin ICU (g/dL)*

1.2(09t01.7)
10.7 (9.8 to 11.6)

GDT (n = 72) P
18 (25) <0.001

5 (6.9) 0.764

25 (34.7) 0.677
1(1.4) 0.984
2(2.8) 0.977
6(8.3) 0.542

100 + 15 0.084
75+ 12 0.016
93+ 14 0.353

76 + 14 0.181
35.4+0.7 0.883
1.2 (0.8 to 1.6) 0.526
10.9 (10 to 12.2) 0.287

For qualitative data, percentages are expressed in brackets. Quantitative data are expressed as mean + SD except for (*), expressed as median (25th-75th

percentile).
GDT = goal-directed therapy. MAP = mean arterial blood pressure. HR = heart rate.

(protocol violation, 2 cases), or the hemodynamic goals
could not be reached during the intra- or postoperative
periods, despite the use of dobutamine (6 cases).

Preoperative and Intraoperative Periods

Fluid administration in the perioperative period and esti-
mated losses and balances are shown in Table 2. No differ-
ences were observed between groups, except in the number
of colloid boluses (2.4 + 1.8 [GDT] vs 1.3 + 14 [control];
P < 0.001) and packed red blood cell units (0.6 + 1.3 [GDT]
vs 0.2 = 0.6 [control]; P = 0.019). In the GDT group, dobuta-
mine was used in 25% (18 of 72) of the cases versus 1.4% (1
of 70) in the control group (P < 0.001). No differences were
observed concerning the use of other vasoactive drugs,
intraoperative complications, hemodynamic variables, tem-
perature, lactate, and hemoglobin obtained on admission to
the operating room or the ICU, except a slight increase in
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heart rate in the control group at operating room admission
(Table 3).

Postoperative Period
ICU LOS and the duration of MV were similar in both

groups (Table 4). Dobutamine was used in the first postop-
erative day in 19.4% (14 of 72) of the GDT patients versus
none in the control group (P < 0.001).

Primary and Secondary Variables

No significant differences were observed in overall compli-
cations (40% GDT vs 41% in the control group; P = 0.397,
relative risk 0.99 [0.67-1.44]), LOS (11.5 vs 10.5; P = 0.874;
WMWodds 1.03 [0.70-1.52]), time to first flatus (62 vs
72 hours; P = 0.180), wound infection (7 vs 14; P = 0.085),
anastomotic leaks (2 vs 5; P = 0.23), or mortality (4.2% vs
5.7%; P = 0.67). The incidence of postoperative complica-
tions was similar between groups, except for reoperation
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Table 4. Postoperative Variables

Control (n = 70) GDT (n=72) P
ICU LOS (d) 1(1to2) 1(1to2) 0.6
Dobutamine first day 0 14 (19.4) <0.001
Noradrenaline first day 6 (8.6) 6 (8.3) 0.959
Intraabdominal infection 10 (14.3) 6 (8.3) 0.262
Respiratory infection 4(5.7) 2(2.8) 0.384
Urine infection 6 (8.6) 3(4.2) 0.281
Catheter infection 5(7.1) 4 (5.6) 0.698
MV >24 h 5(7.1) 4 (5.6) 0.698
Vasopressors 10(14.3) 9(12.5) 0.755
Acute myocardial infarction 0 0 —
Stroke (] 0 —
Arrhythmia not present preoperatively 3(4.3) 2(2.8) 0.626
Cardiac failure 1(1.4) 2(2.8) 0.576
Reoperation 11 (15.7) 4 (5.6) 0.049
Reoperation: suture failure 5(7.1) 2(2.8) 0.230
Reoperation: hemorrhage 6 (8.6) 1(1.4) 0.048
Reoperation: evisceration 4 (5.7) 1(1.4) 0.162
Paralytic ileus 3(4.3) 2(2.8) 0.626
Acute renal failure 9(12.9) 8(11.1) 0.749

Quantitative data are expressed as median (25th-75th percentile). For qualitative data, percentages are expressed in brackets. In 4 of 11 patients in the control
group, the causes for reoperation were multiple.
GDT = goal-directed therapy; ICU = intensive care unit; LOS = length of stay; MV = mechanical ventilation.

Table 5. Study Variables

Control GDT Risk ratio P
Complications 29 (41) 29 (40) 0.99 (0.67 to 1.44) 0.397
No. complications per patient 0(0to2) 0(0to1) 0.467
Hospital LOS 10.5 (8 to 16) 11.5 (8 to 15) 0.874
Time to first flatus (h) 72 (48 to 96) 61.5 (40 to 76) 0.180
Wound infection 14 (20) 7(9.7) 0.46 (0.19t0 1.13) 0.085
Anastomotic leak 5(7.1) 2(2.8) 0.43 (0.08 to 2.13) 0.230
Hospital mortality 4(5.7) 3(4.2) 0.72 (0.17 to 3.04) 0.670

Quantitative data are expressed as median (25th-75th percentile). For qualitative data, percentages are expressed in brackets.

GDT = goal-directed therapy; LOS = length of stay.

(11 of 70 [15.7%] in the control group versus 4 of 72 [5.6%] in
the GDT group; P = 0.049). In 4 patients (control), the causes
for reoperation were multiple. Three of these patients had
hemorrhages associated with suture failure and/or eviscer-
ation. Despite an apparent reduction in all variables, there
were no significant differences for any end point (Table 5).
No detrimental effects (tachycardia, pulmonary edema)
were attributed to the protocol in any case.

The interaction tests did not show any difference between
categorized P-POSSUM (<30 vs 31-60 vs >60) or total fluid
balance (<-10 vs =10 to +10 vs >10 mL/kg). Thus, neither
the surgical risk nor fluid administration had a different
effect in response to the hemodynamic protocol.

DISCUSSION

The implementation of a hemodynamic protocol based
on continuous noninvasive monitoring of cardiac out-
put in major abdominal surgery was not related to a
reduction in overall complications. We have observed a
reduction in reoperations in the treated group. No ben-
efits were observed in LOS, peristalsis recovery, anas-
tomotic leaks, or mortality. The current study adds to
previous knowledge in 2 main aspects. First, it was a
multicenter international study and the decision for
hospital discharge was made by blinded surgeons;
therefore, the results are more generalizable. Second, we
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used a completely noninvasive monitoring technique to
measure cardiac output.

Our findings are not as conclusive as a number of previ-
ous studies,’!0131517-21 and there are several possible expla-
nations for this. The 2 main reasons are methodological and
could not be predicted before the study. Although the inci-
dence of surgical site infection and mortality was similar to
previous large studies,®* the rate of complications was less
than expected (41% vs 65%) and coincided with the aim of
the study for the GDT group. This factis probably related to
the high ICU admission rate of scheduled surgical patients
in Spanish hospitals® that probably leads to the admittance
of some low-risk patients due to the absence of intermedi-
ate care units. However, the post hoc analysis did not show
a different effect of the hemodynamic protocol in the higher
risk population (P-POSSUM >60) with respect to the lower
risk patients, although post hoc observations should be con-
sidered cautiously. In addition, morbidity and hospital LOS
showed a high interhospital variability, with a complica-
tion rate varying between 25% and 73% and median LOS
between 7.5 and 16 days. Three surgical procedures were
included in the analysis. Therefore, some degree of hetero-
geneity can be expected, but most of the cases (75%) were
colonic interventions, equally distributed between groups.
Laparoscopic procedures were excluded to improve the
generalizability of the results. Previous studies, with fewer
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participants and including more heterogeneous popula-
tions (vascular, pancreatic, and urologic procedures), have
shown positive results.!%151720 Because the hemodynamic
protocol (GDT group) and anesthetic recommendations
(all patients) were the same for all hospitals, we speculate
that the “surgeon” factor in terms of skill (as shown by the
great variability in the rate of complications across centers)
and local protocols for hospital discharge probably plays a
major role, especially in non-ERAS institutions. This vari-
ability accounts for the lack of significance, despite the
apparent beneficial effects for some variables.

An inadequate GDT protocol focusing on MAP, CI, and
stroke volume response might also have been the cause for
the lack of benefits. A minimal perfusion pressure, repre-
sented by MAP, has to be provided. However, changes in
MAP (MAP = cardiac output x vascular resistance) do not
accurately reflect changes in perfusion. Absolute values of
cardiac output (a surrogate of perfusion) are also not easy
to interpret, so we included in the protocol the change in
stroke volume in response to fluid challenge after the initial
2 fluid challenges to overcome the preoperative fluid defi-
cit and anesthetic-induced vasodilation. This approach is
based on previous protocols associated with improved out-
come.”’>'7 We also speculate that the targeted CI should be
different during anesthesia and in the postoperative period.
However, to our knowledge, this hypothesis has not been
tested, although it deserves to be explored. An alternative
approach could be the use of individual baseline CI (before
anesthesia) as a reference, instead of a fixed value (2.5 L/
min/m?) that depends on the accuracy of the monitor and
might be suboptimal in noncalibrated devices. This strategy
might be easily performed with this noninvasive technol-
ogy but, to our knowledge, has not been studied. Finally,
the NICOM does not measure CI but makes an estimation
based on chest bioreactance. Other commonly accepted
devices such as the esophageal Doppler or FloTrac also do
not measure cardiac output. The change in stroke volume
in response to fluid challenge was included in the protocol
to overcome this potential inconvenience. A lack of reliabil-
ity of the NICOM seems unlikely because this device has
been validated in postsurgical patients. Using continuous
thermodilution as a reference method, NICOM and Vigileo
devices presented similar monitoring capabilities in cardiac
surgery patients.* Similarly, in 1 study, NICOM was com-
parable with pulse contour analysis calibrated by thermodi-
lution (PiCCO) during a recruitment maneuver and positive
end-expiratory pressure changes.”> However, the authors of
a recent study concluded that NICOM cannot predict fluid
responsiveness in a medical ICU setting.*> The reliability of
bioimpedance (based on the amplitude instead of the delay
of the signal analyzed by bioreactance) is influenced by
peripheral vascular resistance® and changes in lung fluid.*
Because bioreactance is closely related to bioimpedance,
the reason for their findings was probably related to the
fact that most of their patients presented with septic shock
and required vasopressors and MV (likely associated with
increased lung fluid). This is not usually the case in sched-
uled surgery, but the role of NICOM in this setting requires
further studies.

The major strength of the present study is the mul-
ticenter, international design and the blinding of the
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surgeons that decided hospital discharge. Hemodynamic
management in the control group followed standard prac-
tice, which implies that a high variability of fluid admin-
istration was expected among hospitals, and even within
every institution, depending on the attending physician.
This “uncontrolled” approach (effectiveness or pragmatic
trial as opposed to efficacy or explanatory trial) mimicked
real practice and was intended to obtain the maximal exter-
nal validity for the study because, if the GDT approach
improved outcome, its use could be generalized. However,
obtaining positive results with such a study design is less
likely than when 2 protocols are compared in a single-cen-
ter study (high internal validity, but difficult to extrapo-
late to a general population). There are examples showing
a lack of positive results in multicenter studies. Despite
using a protocol that had shown improved outcome in a
previous study,'* Sandham et al.™ found no benefit to ther-
apy directed by pulmonary artery catheter over standard
practice in high-risk surgical patients in a large multicenter
study. Similarly, in contrast to previous studies, combined
epidural and general anesthesia did not decrease morbid-
ity in high-risk patients, except for a reduction in respira-
tory failure.® A review of hemodynamic monitoring found
7 of 8 multicenter studies to have negative results and
nearly half of the 27 single-center studies to have a positive
result.* Regarding LOS, had specific criteria for hospital
discharge been indicated in the protocol, the surgeons mak-
ing the decision might have been influenced by the criteria
and changed their normal practice.

Although the mean number of complications per patient
was lower in the GDT group (0.8 + 1.4 vs 1.3 = 2.2), the
difference was not significant. The major benefit of the
GDT approach was the potential reduction in the num-
ber of reoperations. The reason for these findings remains
speculative. Hemodynamic optimization has been related
to an improvement in perianastomotic microcirculation,*
which might reduce the incidence of suture failure and
could improve healing of the abdominal wall. According to
our results, GDT might be of value when combined with
other recommendations related to improved outcome in
the perioperative period such as the ERAS perioperative
bundle. Similarly, in septic shock patients, the compliance
with individual guidelines that had proved beneficial in
randomized controlled trials was not associated with a sig-
nificant improvement in outcome. However, survival was
significantly related to the number of fulfilled therapeutic
guidelines included in a sepsis bundle.’” A Cochrane review
focusing on the ERAS pathway observed that the compli-
ance with, at least, 7 ERAS items (of 17) was associated with
a reduction in overall complications and hospital LOS.3*
None of the hospitals included in our study followed the
ERAS protocols. Although this fact might be seen as a limi-
tation, it reflects worldwide common practice.

The theoretical benefits of GDT are related to fluid
replacement and/or the use of vasoactive drugs. With
respect to fluid management, experimental data render
conflicting results. In anesthetized pigs, mixed venous oxy-
gen saturation-guided colloid replacement improved the
perianastomotic microcirculation.’ However, in a similar
model, it was shown that flow autoregulation in the splanch-
nic bed maintains constant perfusion, despite variations
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in circulating volume.* Similar to a previous study,” we
observed that crystalloid infusion and fluid balance were
similar in both groups. There were differences in the num-
ber of colloid boluses and transfusion, but these were not
clinically relevant. According to the post hoc analysis, posi-
tive perioperative fluid balance was not detrimental. The
major difference was in the use of dobutamine, not associ-
ated with harmful effects, and we speculate if its adminis-
tration to more patients could have improved the results.

CONCLUSIONS

The use of a hemodynamic protocol based on the data
obtained from a noninvasive cardiac output monitor was
associated with the increased use of dobutamine in sched-
uled major abdominal surgery. The amount of fluids and
fluid balance were similar in both groups, except for slightly
but significantly more colloid boluses and blood concentrates
infused in the treated group. Both groups were comparable in
baseline characteristics. In our pragmatic study, compliance
with this protocol was not associated with a decrease in LOS
or the number of overall postoperative complications, except
for a potential reduction in the need for reoperation. A non-
significant reduction in the time to first flatus was observed
in the treated patients. According to our data, we consider
that the implementation of a hemodynamic GDT in major
surgery might be recommended but should be included in
a perioperative bundle because it probably does not achieve
the expected improvement per se in outcome according to
previous single-center studies. The confirmation of major
benefits related to GDT in abdominal surgery requires fur-
ther assessment in larger multicenter trials. §a
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ABSTRACT

PROPOSITO

La proporcién de pacientes ancianos ingresados en la UCI estd aumentando. Se conoce
que las tasas de mortalidad aumentan con la edad, pero el impacto de la edad en los

resultados después del shock circulatorio no han sido bien definidos.
METODOS

Se realizé un andlisis secundario de los datos de un gran estudio aleatorizado que
comparo los efectos de la dopamina y la norepinefrina en los resultados clinicos en la
UCI. Los pacientes se dividieron en no ancianos (<75 afios), edad anciana (75-84 afios),

y muy ancianos (=85 anos).
RESULTADOS

De los 1679 pacientes incluidos en el ensayo inicial, 1651 tenian disponibles datos de
edad suficientes: 1157 (70%) eran no ancianos , 410 (25%) eran ancianos , y 84 (5%)
eran muy ancianos . Hubo diferencias menores entre los grupos de edad en la
puntuacion APACHE Il calculados sin el componente de edad (no ancianos, 17 £ 9;
ancianos, 18 £ 9; muy ancianos, 19 + 9; p = 0,047), pero los resultados del SOFA fueron
similares (no anciano , 9 £ 4; anciano , 9 + 3; muy anciano , 9 £ 3; p = 0,76). Las tasas de
mortalidad fueron mayores en los pacientes ancianos y muy ancianos a los 28 dias, al
alta hospitalaria, y después de 6 y 12 meses. La mayoria de los pacientes muy ancianos
habian muerto a los 6 (92%) y a los 12 meses (97%). Las tasas de mortalidad
aumentaron con la edad en todos los tipos de shock. Utilizando el analisis multitivariable,
el riesgo de muerte fue mayor en los pacientes muy ancianos, en comparacién con el no
anciano (OR ajustada 0,33, 95% CI1 0,2 a 0,56, p < 0,001).

CONCLUSIONES

El envejecimiento se asocia de forma independiente con mayores tasas de mortalidad en
pacientes con insuficiencia circulatoria, cualquiera que sea la etiologia. Tras 1 afio
después de la admision, la mayoria de los pacientes de 85 afios de edad y mayores

estaban muertos.
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circulatory failure age is an independent
factor associated with a poor outcome. At 1
year, most patients aged 85 year or older
were dead.
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Abstract Purpose: The proportion
of elderly patients admitted to the ICU
is increasing. Mortality rates are known
to increase with age but the impact of
age on outcomes after circulatory
shock has not been well defined.
Methods: We performed a second-
ary analysis of data from a large
randomized trial comparing the effects
of dopamine and norepinephrine on
outcome in the ICU. Patients were
separated into not old (<75 years), old
(75-84 years), and very old

(=85 years). Results:  Of the 1,679
patients included in the initial trial,
1,651 had sufficient age data available:
1,157 (70 %) were not old, 410 (25 %)
were old, and 84 (5 %) were very old.
There were minor differences among

Introduction

(ICU) than

previously

the age groups in the APACHE II
score calculated without the age
component (not old, 17 &+ 9; old,

18 £+ 9;veryold, 19 + 9;p = 0.047),
but SOFA scores were similar (not old,
9+ 4;0ld,9 £ 3; very old, 9 + 3;

p = 0.76). Mortality rates were higher
in old and very old patients at 28 days,
at hospital discharge, and after 6 and
12 months. Most very old patients
were dead at 6 (92 %) and 12 months
(97 %). Mortality rates increased with
age in all types of shock. Using mul-
tivariable analysis, the risk of death
was higher in very old patients as
compared to not old (adjusted OR
0.33, 95 % CI 0.2-0.56, p < 0.001).
Conclusions: Ageing is indepen-
dently associated with higher
mortality rates in patients with circu-
latory failure, whatever the etiology.
By 1 year after admission, most
patients 85 years of age and older were
dead.

Keywords ICU - Old patients -
Shock - Vasopressors

The outcome of old

[1].

(>75 years) and very old (=85 years) patients admitted to
As a consequence of changing demographics, more old the ICU is usually poorer for any diagnosis compared to
and frail patients are admitted to the intensive care unit younger patients [1—4]. These differences have been
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described in specific populations, such as sepsis [5] or
need for mechanical ventilation [6]. Older patients
admitted to the ICU have high short-term mortality and
long-term disability [7]. Nevertheless, although survival
rates are lower in this population than in younger indi-
viduals, they are sufficiently high to justify ICU
admission without generalized restriction of care [8]. In
addition, long-term outcomes and quality of life of sur-
vivors are good enough to suggest that older patients may
benefit from ICU admission [9] especially with the poor
performance of the prognostic models in predicting
mortality in old patients [10].

Circulatory failure is associated with a cascade of
events that leads to a major increase in the risk of death in
the general population [11]. Data regarding circulatory
shock in elderly patients are scarce. In a large Austrian
series of 17,126 patients older than 80 years, shock was
present in only 3 % of ICU admissions [1]. Moreover, the
few data that are available are conflicting. In patients with
cardiogenic shock complicating myocardial infarction,
Tomassini et al. [12] observed that age older than
75 years was associated with a 1.8 increased risk of death,
whereas Lim et al. [13] failed to observe significant dif-
ferences in l-year survival. Many factors can contribute
to these discrepancies, including associated comorbidities
and the relatively small size of these studies. In other
types of shock, and especially in septic shock, no data are
available. The uncertain benefit of ICU care in this pop-
ulation increases the risk of a priori therapeutic
limitations but also of futile interventions. It is thus
important to better define the outcome of elderly patients
with acute circulatory failure.

Older patients are frequently excluded from clinical
trials [14, 15], but they are commonly treated in the ICU.
Ageing is associated with important modifications in
physiology [15] and pharmacokinetics. In addition, older
patients may be more susceptible to adverse drug events
[16] than younger patients. In the SOAP II clinical trial,
which compared dopamine and norepinephrine in shock
states [17] in 1,679 patients, age was not an exclusion
criterion and many patients were older than 75 years. We
used data from this trial to assess the influence of age on
mortality in patients with circulatory shock [18]. We
hypothesized that advanced age would be an independent
factor associated with outcome. We also explored a pos-
sible interaction between age and the effect of the
different vasopressor agents. The results were presented
in part at ESICM LIVES 2011 [18].

Patients and methods

The overall study design has been published elsewhere
[17]. The ethics committee at each participating center
approved the trial, and all patients or relatives gave

informed consent. Briefly, between 19 December 2003
and 6 October 2007, all adult patients in whom a vaso-
pressor agent was required for the treatment of shock
were included in eight participating centers. Shock was
defined as a mean arterial pressure (MAP) less than
70 mmHg or a systolic blood pressure less than
100 mmHg despite adequate fluid administration [at least
1,000 ml of crystalloids or 500 ml of colloids unless there
was an increase in the central venous pressure (CVP)]
associated with signs of tissue hypoperfusion, such as
altered mental state, mottled skin, urine output of less
than 0.5 ml per kilogram of body weight for 1 h, or a
serum lactate level of greater than 2 mEq/l. If hypoten-
sion recurred within the 28-day follow-up, the trial-drug
solution was resumed first and an open-label solution of
norepinephrine was added if needed. Patients were
included only once in the trial.

Patients were excluded if they were younger than
18 years of age; had already received a vasopressor agent
(dopamine, norepinephrine, epinephrine, phenylephrine,
or vasopressin) for more than 4 h during the current
episode of shock; had a serious arrhythmia, such as rapid
atrial fibrillation (>160 beats per minute) or ventricular
tachycardia; or had been declared brain-dead. Of the 2011
patients screened, 1,679 patients were included. All
patients were followed to day 28; hospital mortality was
available for 1,629 patients (98.7 %), data on 6-month
outcome for 1,516 patients (91.8 %), and data on
12-month outcome for 1,346 patients (81.5 %). Organ
support-free days were computed as days alive without
organ support up to day 28. Shock was separated into
septic, cardiogenic, and other types of shock (including
hypovolemic and anaphylactic).

To evaluate severity at baseline, we computed at the
time of inclusion the Acute Physiology and Chronic
Health Evaluation II (APACHE II) score [19] with and
without the age component and also the Sequential Organ
Failure Assessment (SOFA) score [20].

Statistical analysis

Statistical analyses were performed using IBM® SPSS®
Statistics 19 for Windows. Age data were available in
1,651 patients so this represents the population included
in the present analysis. To assess the influence of age on
outcome, patients were retrospectively divided into not
old (<75 years), old (75-84 years old), and very old
(=85 years). To account for imbalances in the numbers of
subjects across the age groups, some analyses were
repeated after dividing patients into quartiles of ages. The
primary outcome was 28-day mortality and the secondary
outcomes were ICU, hospital, 6-month, and 1-year mor-
tality rates. The Kolmogorov—Smirnov test was used, and
histograms and normal-quantile plots were examined to
verify the normality assumption of continuous variables.
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Difference testing among age groups was performed
using analysis of variance, Kruskal-Wallis, Student’s
t test, Mann—Whitney test, xz test, or Fisher exact test, as
appropriate. The Bonferroni correction was made for
multiple comparisons. Cumulative mortality throughout
the first 28 days after randomization was characterized
with the use of Kaplan—-Meier curves, with the log-rank
test used for the comparison between the age groups.
Logistic regression analysis with primary outcome as the
dependent variable was performed to determine the
unadjusted mortality risk by age. To remove bias of
confounding variables for the association between age
and mortality, the propensity score of each age class was
estimated using ordinal logistic regression. The variables
introduced in the propensity score were identified by
univariable regression and retained after treatment of
colinearity. After checking that balance on all covariates
that were used in the propensity model had been achieved,
we introduced the propensity score into the logistic
regression model [21, 22].

Data are presented as mean £ SD or count (percent-
age), unless stated otherwise. All tests were two-sided and
a p value less than 0.05 was considered statistically
significant.

Results

The main demographic data are summarized in Table 1.
Of the 1,651 patients included, 1,157 (70.0 %) were not

Table 1 Main demographic data in the three patient groups

old (<75 years), 410 (25 %) were old (75-84 years), and
84 (5 %) were very old (=85 years). Old and very old
patients had a higher incidence of diabetes, cardiopathy,
chronic respiratory failure, and neurologic problems than
not old patients, but were less likely to be immunosup-
pressed or to have cirrhosis or cancer. The presence of
chronic renal failure was similar in the three age groups.
Overall, disease severity was comparable in the three
groups: although the APACHE II score was lower in the
younger patients, increasing from 21 £ 9 in not old to
244+9 in old and 25+ 9 in very old patients
(p < 0.001), this difference was blunted when age points
were deleted from the score (17 &= 9 in not old, 18 & 9 in
old, and 19 + 9 in very old, p = 0.047). SOFA scores
were similar in the three groups.

The incidence of septic shock was comparable in the
three age groups, but cardiogenic shock was more fre-
quent and other types of shock less frequent in old and
very old patients than in not old patients (p < 0.001).
Very old patients were more frequently admitted for
medical conditions.

On admission, more than 80 % of patients were being
treated with mechanical ventilation (including 3 % with
non-invasive mechanical ventilation) and 7 % with renal
replacement therapy, with no differences according to age
group (Table 2). Per protocol, all patients were treated
with vasopressor agents. The doses of vasopressor agents
on the first day of therapy were similar in the three
groups, but dobutamine doses were higher in old and very
old patients (p = 0.013). Similar observations were made
for maximal doses of adrenergic agents (p < 0.01 for

Not old Old Very old p value

(<75 years) (75-84 years) (=85 years)

n= 1157 n =410 n =84
SOFA score 943 9+3 90+ 3 0.76
Male 684 (60) 219 (53) 38 (46) 0.002
APACHE II 21 +9 24+9 25+ 9 <0.001
APACHE II score (without age) 17+9 18 +9 19+9 0.047
Septic shock 728 (63) 248 (61) 52 (62) 0.68
Cardiogenic shock 165 (14) 85 (20) 28 (33) <0.001
Other types of shock 264 (23) 77 (19) 4(5) <0.001
Emergency surgery 199 (17) 47 (12) 5(6) <0.001
Scheduled surgery 225 (19) 85 (21) 14 (17) <0.001
Medical admission 733 (63) 278 (68) 65 (77) <0.001
Shock on ICU admission 975 (83) 324 (79) 67 (80) 0.49
Cancer 266 (23) 76 (19) 14 (16) <0.001
Diabetes 336 (29) 144 (35) 32 (38) 0.045
Cardiopathy 506 (43) 272 (66) 62 (74) <0.001
Chronic respiratory failure 328 (28) 164 (40) 30 (36) <0.001
Immunosuppression 293 (25) 62 (15) 8 (10) <0.001
Chronic renal failure 218 (19) 88 (21) 18 (21) 0.14
Neurologic problem 198 (17) 104 (25) 26 (31) <0.0001
Cirrhosis 162 (14) 16 (4) 34 <0.001

Values are expressed as mean + SD for continuous data or number (%). p values are given by xz test for dichotomic and one-way

analysis of variance (ANOVA) for continuous variables
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Table 2 Therapeutic interventions and complications by study group

Not old Old Very old p value

(<75 years) (75-84 years) (=85 years)

n= 1157 n =410 n =84
Mechanical ventilation 925 (80) 328 (87) 66 (79) 0.078
Renal support 91 (8) 30 (7) 2(2) 0.078
No therapeutic limitation
At admission 940 (81) 344 (83) 65 (77) 0455
At time of death 593 (51) 169 (41) 31 (36) <0.001
Cause of death
Shock 221 (20) 99 (24) 22 (26) 0.79
Withdrawal 248 (21) 111 (27) 23 (27) 0.90
Anoxic lesions 55 (5) 16 (4) 2(2) 0.16
Dobutamine support 163 (14) 101 (24) 21 (25 <0.001
Myocardial infarction 21 (2) 16 (4) 6(7) <0.001
Cardiac arrhythmia® 194 (17) 91 (22) 22 (26) <0.001

Values are expressed as number (%). p values are given by % test

* More than 85 % of arrhythmias were supraventricular in each group

maximal dose of dobutamine). Very old patients had
fewer organ support-free days than not old patients
(Electronic Supplementary Material Table S1) but these
differences were driven by differences in mortality. In
survivors, there were no differences among groups in
organ support-free days but ICU length of stay was sig-
nificantly shorter in the very old (Electronic
Supplementary Material Table S1).

Mortality rates at 28 days (Fig. 1), at hospital dis-
charge, and at 6 and 12 months (Table 3) increased with
age. Most of the very old patients were dead at 6 (92 %)
or 12 months (97 %). The two patients alive at 1 year had
no organ dysfunction other than shock during their ICU
stay, had regained autonomy, and were still alive 3 years
after the event. Mortality rates increased with age also
when patients were grouped by quartiles of ages and
according to the type of shock (Electronic Supplementary
Material Table S2 and Fig. SI). Of note, the Kaplan—
Meier survival curves separated very early on, with a
rapid decrease in survival already evident at 48 h after
randomization in the very old patients (Fig. 2).

The percentages of patients with decisions to limit
therapy on admission were similar in the three groups
(Table 2). However, at the time of death only 36 % of the
very old patients remained on full treatment code (versus
51 % for the not old and 41 % for the old patients,
p < 0.001). Interestingly, the causes of death were similar
in the three groups, although myocardial infarction and
cardiac arrhythmias were more commonly diagnosed in
the oldest patients.

To remove bias of confounding variables for the
association between age and mortality, the propensity
score of each age class was estimated using ordinal
logistic regression (Table 4). The following variables
were retained after treatment of colinearity: gender, type
of shock, and type of admission. After adjustment for a
potential covariate, very old patients still had a

significantly increased mortality as compared to not old
(adjusted OR 0.33, 95 % CI 0.2-0.56, p < 0.001).

There was no significant interaction between age and
vasopressor agent on outcome (p = 0.193).

Discussion

This study is the first to report on the outcomes of elderly
patients in a large population of patients with circulatory
failure. Mortality rates increased substantially with age,
regardless of the type of shock, raising serious ethical
questions about ICU admission in these patients. In par-
ticular, patients 85 years of age and older had 28-day
mortality rates of 75 % and only exceptionally survived to
1 year (2 %). Our study also provides important infor-
mation on the epidemiology of shock (outcome, type of
shock, organ support) in old and very old patients.

As expected, old and especially very old patients more
often had cardiogenic shock than younger patients.
Interestingly this increase in the incidence of cardiogenic
shock mirrored a marked decrease in hypovolemic and
obstructive types of shock, because the incidence of septic
shock was similar in the three groups. The prevalence of
female patients also increased with age [1], although it is
difficult to define to what extent this contributed to the
difference in outcome. Although some epidemiologic
studies have suggested that females may have less access
to care and a higher risk of death for certain diseases [23],
after admission, sex does not seem to be a major prog-
nostic factor [24].

The persistent association between age and hospital
mortality after adjustment for comorbidities is in accor-
dance with some reports not focusing on patients with
circulatory failure [25], but, as expected, the survival rate
of patients in circulatory failure was far lower than that of
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20 4 differences in mortality rate between the different age groups
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> 60 1 OR (95 % CI) pvalue  OR (95 % CI) p value
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I~ =85 (very old) Reference
O 40 A <75 (not old) 0.26 (0.16-0.44)  <0.001 0.33 (0.2-0.56)  <0.001
E 20 75-84 (old) 0.61 (0.36-1.04) 0.07 0.7 (0.4-1.2) 02
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g 20 4 Data are expressed as odds ratio (OR) with 95 % confidence interval (CI). The
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Fig. 1 Twenty-eight day mortality as a function of age

Table 3 Survival rate as a function of time after inclusion in the
three age groups

Not old Old Very old  p value
(<775 years) (75-84 years) (=85 years)
n= 1,157 n=410 n=2_84
ICU discharge 667 (58) 164 (40) 28 (33) <0.001
28 days 649 (56) 146 (36) 21 (25) <0.001
Hospital 546 (48) 121 (30) 19 (23) <0.001
discharge
6-month 439 (41) 80 (21) 6 (8) <0.001
survival
12-month 311 (34) 57 (16) 2(3) <0.001
survival

Unadjusted values, expressed as n (%). p values are given by
unadjusted ¥~
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Fig. 2 Kaplan-Meier curves for 28-day survival. p value by log-
rank test <0.001

may contribute to these differences.

The very poor late survival is challenging. At 1 year,
only 2 of the 84 very old patients treated with vasopres-
sors were still alive. In contrast to our expectations, these
were not patients who developed complications after
elective surgery but rather patients admitted with septic
shock. Of note too, these patients suffered from urinary
sepsis, which is known to be associated with better out-
comes than sepsis from other sources [30] and had
isolated circulatory failure. This suggests that ICU
admission for shock is beneficial for few very old
patients, and perhaps of most value for those with mini-
mal associated comorbidities or organ dysfunction.

Our study has some limitations. First although our
database was large, the number of very old patients was
limited. Nevertheless, this is one of the largest series of
patients with circulatory failure older than 85 years.
Second, we did not calculate specific geriatric assessment
scores, such as the Katz [31], SHERPA [32], or Charlson
[33] indexes, which are frequently used in geriatric pop-
ulations to describe patient state at admission and
evaluate the risk associated with both chronic and acute
pathology. Third, physicians and families may be more
prone to limit care in these very old patients than in
younger patients, and this may contribute to the poor
prognosis. However, there were no differences in limita-
tion of care at admission according to age. In addition, the
proportion of patients in each age group included after
shock development in the ICU was similar. During initial
shock therapy, all patient groups received a similar
intensity of therapy with vasopressor agents administered
at similar doses and similar use of mechanical ventilation
or renal replacement therapy; dobutamine was even used
more frequently in very old patients. Nevertheless, the
increased incidence of limitations in therapy at the time of
death and the early time at which death occurred in old
patients suggest that physicians and/or their families
rapidly realized the futility of continuing care when
evolution was not rapidly favorable.

One may suggest that the patients included in this trial
were highly selected, because they were taking part in an
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interventional trial. This is probably not the case, because
our interventional trial was characterized by a low
exclusion rate. Nevertheless, we cannot exclude that
many of the old patients may have been denied institution
of vasopressor agents and were, therefore, not even
screened. If anything, however, this strengthens our
findings, because old patients in shock who were deemed
to have the best chance of a favorable outcome never-
theless had very low survival rates.

Our findings have strong ethical implications, because
there is an increasing demand for ICU admission of older
patients [34-36]. This trend is costly, and the financial
constraints must be taken into account. Very elderly
patients and their families should be informed of the rela-
tively poor prognosis when these patients present with
circulatory failure requiring vasopressor agents, with very
few patients alive at 1 year. Patients who did survive had
good quality of life a few years after the event, which
supports the concept of the ICU test [37], but realistic

expectations of limited chances of middle-term survival
must be kept in mind. The data from the ICE-CUBE data-
base [7, 38] suggest that admission of very old patients to
the ICU is indeed associated with a higher mortality.

Our observations also have important implications for
research. Patients older than 75 years are sometimes
excluded from interventional trials [39]. In our trial, we
observed no interaction between age and vasopressor
agent, suggesting that the results of the trial also applied
to the elderly patients. This observation also implies that
the results of the trial were not biased by inclusion of old
patients.

In conclusion, this large database of patients with
circulatory failure highlights the poor outcomes of elderly
patients with circulatory shock: ageing was independently
associated with increased mortality and long-term sur-
vival was infrequent.

Conflicts of interest None related to this study.
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b)

No hubo diferencia significativa en la mortalidad entre los pacientes con shock que
fueron tratados con dopamina como agente vasopresor de primera eleccion y los
que fueron tratados con norepinefrina, sin embargo el uso de dopamina se asocio
con un mayor numero de eventos adversos.

En los pacientes con shock séptico, la administracién de dopamina se asocia con
una mayor mortalidad y una mayor incidencia de eventos arritmicos en
comparacion con la administracion de norepinefrina.

En la practica actual la utilizacion y la evaluacion del Fluid Challenge en pacientes
criticos es altamente variable. La prediccion de la respuesta a fluidos no se utiliza
de manera rutinaria, los limites de seguridad se usan muy poco, y no siempre se
tiene en cuenta la informacion de los Fluid Challenges fallidos anteriores.

La aplicacion de un protocolo hemodinamico perioperatorio, guiado por un monitor
no invasivo de gasto cardiaco no se asocié con una disminucion en la incidencia
de complicaciones generales o duracion de la estancia en la cirugia abdominal
mayor.

La aplicacion de un protocolo hemodinamico perioperatorio, guiado por un monitor
no invasivo de gasto cardiaco en la cirugia abdominal mayor, no se asocié con
una disminucién en el tiempo de recuperacion intestinal, infecciéon de la herida,
fuga anastomotica o mortalidad.

El envejecimiento se asocia de forma independiente con mayores tasas de
mortalidad en pacientes con insuficiencia circulatoria, cualquiera que sea la
etiologia. No se observaron interacciones entre la edad y los agentes

vasopresores.
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Although the rate of death did not differ significantly between the group of patients
treated with dopamine and the group treated with norepinephrine, this study raises
serious concerns about the safety of dopamine therapy, since dopamine, as
compared with norepinephrine, was associated with more arrhythmias and with an

increased rate of death in the subgroup of patients with cardiogenic shock.

in patients with septic shock, dopamine administration is associated with greater
mortality and a higher incidence of arrhythmic events compared to norepinephrine

administration

The current practice and evaluation of FC in critically ill patients are highly
variable. Prediction of fluid responsiveness is not used routinely, safety limits are
rarely used, and information from previous failed FCs is not always taken into

account.

A perioperative hemodynamic protocol guided by a noninvasive cardiac output
monitor was not associated with a decrease in the incidence of overall

complications or length of stay in major abdominal surgery.

The application of a GDT perioperative hemodynamic protocol guided by a non-
invasive cardiac output monitor in major abdominal surgery was not associated
with a decrease in bowel recovery time, wound infection, anastomotic leak or

mortality.
Ageing is independently associated with higher mortality rates in patients with

circulatory failure, whatever the etiology. There was no significant interaction

between age and vasopressor agent on outcome
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