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Definiciones	  

•  Sepsis:	   infección	  +	  manifestaciones	  sistémicas	  
del	  cuadro	  infeccioso.	  

•  Sepsis	   grave:	   infección	   +	   disfunción	   de	   al	  
menos	  un	  órgano/hipoperfusión	  5sular.	  

•  Shock	   sép5co:	   hipotensión	   secundaria	   a	   la	  
sepsis	   refractaria	   a	   la	   administración	  
adecuada	  de	  volumen.	  
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for administering antibiotics within 1 hr of the diagnosis 
of severe sepsis, as well as the recommendation for achiev-
ing a central venous pressure (CVP) of 8 mm Hg and a cen-
tral venous oxygen saturation (ScVO

2
) of 70% in the first 6 

hrs of resuscitation of sepsis-induced tissue hypoperfusion, 
although deemed desirable, are not yet standards of care as 
verified by practice data.

Significant education of committee members on the 
GRADE approach built on the process conducted during 2008 
efforts. Several members of the committee were trained in 
the use of GRADEpro software, allowing more formal use of 
the GRADE system (12). Rules were distributed concerning 
assessing the body of evidence, and GRADE representatives 

were available for advice throughout the process. Subgroups 
agreed electronically on draft proposals that were then 
presented for general discussion among subgroup heads, the 
SSC Steering Committee (two co-chairs, two co-vice chairs, 
and an at-large committee member), and several selected key 
committee members who met in July 2011 in Chicago. The 
results of that discussion were incorporated into the next 
version of recommendations and again discussed with the 
whole group using electronic mail. Draft recommendations 
were distributed to the entire committee and finalized during 
an additional nominal group meeting in Berlin in October 
2011. Deliberations and decisions were then recirculated to the 
entire committee for approval. At the discretion of the chairs 

TABLE 2. Severe Sepsis 

Severe sepsis definition = sepsis-induced tissue hypoperfusion or organ dysfunction (any of the  
following thought to be due to the infection)

Sepsis-induced hypotension

Lactate above upper limits laboratory normal

Urine output < 0.5 mL/kg/hr for more than 2 hrs despite adequate fluid resuscitation

Acute lung injury with PaO2/FIO2 < 250 in the absence of pneumonia as infection source

Acute lung injury with PaO2/FIO2 < 200 in the presence of pneumonia as infection source

Creatinine > 2.0 mg/dL (176.8 !mol/L)

Bilirubin > 2 mg/dL (34.2 !mol/L)

Platelet count < 100,000 !L

Coagulopathy (international normalized ratio > 1.5)

Crit Care Med  

TABLE 3. Determination of the Quality of Evidence 

Underlying methodology

A (high) RCTs

B (moderate) Downgraded RCTs or upgraded observational studies

C (low) Well-done observational studies with control RCTs

D (very low) Downgraded controlled studies or expert opinion based on other evidence

Factors that may decrease the strength of evidence

1. Poor quality of planning and implementation of available RCTs, suggesting high likelihood of bias

2. Inconsistency of results, including problems with subgroup analyses

3. Indirectness of evidence (differing population, intervention, control, outcomes, comparison)

4. Imprecision of results

5. High likelihood of reporting bias

Main factors that may increase the strength of evidence

1. Large magnitude of effect (direct evidence, relative risk > 2 with no plausible confounders)

2. Very large magnitude of effect with relative risk > 5 and no threats to validity (by two levels)

3. Dose-response gradient
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1.  Resucitación.	  
2.  Diagnós5co	  y	  microbiología.	  
3.  Otros	  aspectos.	  
4.  Complicaciones:	  SDRA.	  



1.  Resucitación:	  
•  Guiada	  por	  OBJETIVOS	  y	  5empo	  (1as	  6	  horas)	  
– PVC	  8-‐12	  mmHg.	  
– PAM	  ≥	  65	  mmHg.	  
– Diuresis	  ≥	  0,5	  ml/kg/h.	  
– Saturación	  venosa:	  

•  Central	  >	  70	  %	  
•  Mixta	  >	  65	  %	  

– Normalización	  del	  lác5co.	  
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1.  Resucitación:	  
•  PVC:	  
– Reflejo	  de	  volemia/precarga	  VD.	  
– Realidad:	  

•  Posición.	  
•  Presión	  torácica/transmural	  (interno	  –	  externo).	  
•  Función	  cardiaca.	  
•  Interpretación	  de	  la	  curva.	  

– Final	  de	  la	  espiración.	  
– Sin	  trabajo	  respiratorio.	  
– Cero	  bien	  hecho.	  
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the hemodynamic response to a change
in central venous pressure that is impor-
tant clinically.

Although expiration is normally pas-
sive, active expiration is very common in
critically ill patients. When expiration is
active, contraction of abdominal and tho-
racic muscles increases pleural pressure
during expiration, and there may not be
any phase during the respiratory cycle in
which pressure measured from a trans-
ducer referenced relative to atmospheric
pressure gives a close approximation of
atrial transmural pressure (Fig. 1). The
only thing that then can be done in this
situation is to examine multiple cycles
and make the measurement in a cycle
where there is minimal forced expiratory
effort. Sometimes, there is no value that
is satisfactory, and a measurement early
in the expiratory phase may be a better
estimate than the value at end-expiration,
but it is still a guess.

Another important consideration for
the measurement of central venous pres-
sure is where to make the measurement
in relation to the normal “a,” “c,” and “v”

waves. The “a” and “v” waves can often be
in the range of 8–10 mm Hg, which
means that there is a large difference in
the value at the top, middle, or bottom
(Fig. 2). The choice is arbitrary and each
part of the cycle has physiologic signifi-
cance. However, for the estimate of car-
diac preload, which is the most common
clinical question, the pressure at the base
of the “c” wave is most appropriate be-
cause this is the last atrial pressure before
ventricular contraction and therefore the
best estimate of cardiac preload (11). If
the “c” wave cannot be identified, the
base of the “a” wave gives a good approx-
imation. Alternatively, if the monitor has
the capacity, a vertical line drawn through
the Q wave of the electrocardiogram will
help identify this position. On the other
hand, if there is a tall “a” or “v,” the peak
of these waves still has hemodynamic
consequences for upstream organs such
as the liver and kidney. Furthermore, the
central venous pressure in most dependent
parts of the body in the supine position is
8–10 mm Hg higher than that measured
on the basis of 5 cm below the sternal angle

measurement, and this is the pressure that
drives the local capillary filtration.

The central venous pressure can be es-
timated on physical examination by mea-
suring the distention of the jugular veins
relative to the sternal angle. One then adds
5 cm H2O to the measured distention to
obtain the central venous pressure (12). To
convert the value of central venous pres-
sure in cm H2O to mm Hg, one needs to
divide the value in cm H2O by 13.6, which
is the density of mercury compared to that
of water, and multiply by 10 to convert cm
to mm Hg (or simply divide by 1.36). It is
worthwhile doing this before inserting cen-
tral lines, for the pressure estimate will tell
you that the value obtained with the trans-
ducer is in the appropriate expected range.
It also improves one’s skills in using the
jugular venous distention to assess central
venous pressure noninvasively.

DETERMINANTS OF THE
CENTRAL VENOUS PRESSURE

Central venous pressure is determined
by the interaction of two functions: car-

Figure 1. Example of a central venous pressure (CVP) tracing for a patient with forced expiration. Insp and the lines mark inspiration. The pressure rises
throughout the expiratory phase because of transmission of pleural pressure to cardiac structures. Making the measurement an end-expiration will greatly
overestimate the true central venous pressure. The digital value on the monitor will also likely be an overestimate. A reasonable guess is a measurement
early in expiration, before the patient begins to push (arrow).

Figure 2. Example of a central venous pressure (CVP) tracing with prominent “a” and “v” waves. There is a small “c” wave after the “a” wave, followed by
the “x” descent. The appropriate point for measurement is the base of the “c” wave (or the “a” wave when the “c” wave cannot be seen). In this example,
the difference between the bottom (the correct position) and the top is 8 mm Hg.

2225Crit Care Med 2006 Vol. 34, No. 8

1.  Resucitación:	  
•  PVC:	  

Onda	  a:	  contracción	  auricular.	  
Onda	  c:	  cierre	  válvula	  tricúspide.	  
Onda	  v:	  llenado	  auricular.	  
Seno	  x:	  desplazamiento	  anillo	  tricuspídeo.	  
Seno	  y:	  vaciamiento	  auricular.	  
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•  PVC:	  
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1.  Resucitación:	  
•  Saturación	  venosa	  de	  O2:	  
– Desequilibrio	  suplemento/consumo	  de	  O2.	  
– Suplemento	  O2:	  

•  Intercambio	  gaseoso.	  
•  Gasto	  cardiaco.	  
•  Transporte	  de	  O2:	  unido	  a	  Hb	  y	  disuelto.	  

– Consumo	  de	  O2:	  
•  Independiente	  del	  suplemento	  hasta	  el	  “punto	  crí5co”.	  
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1.  Resucitación:	  
•  Saturación	  venosa	  de	  O2:	  
–  	  	   	  	  

	  
	  
– Normal:	  	  

•  NO	  indica	  ausencia	  de	  desequilibrio.	  
•  Mal	  uso	  del	  O2	  a	  nivel	  periférico	  periférico.	  

•  Aumento	  en	  el	  consumo:	  fiebre,	  5ritona,	  estrés	  
oxida5vo.	  

•  Falta	  de	  llegada:	  
•  Oxigenación.	  
•  Transporte:	  Hb,	  hipovolemia	  o	  GC.	  
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1.  Resucitación:	  
•  Volumen:	  

ü  Cristaloides:	  
§  Dosis	  mínima	  de	  30	  ml/kg.	  
§  Predecir	  la	  mejoría	  hemodinámica.	  
•  Ley	  de	  Frank-‐Starling	  
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1.  Resucitación:	  
•  Volumen:	  

ü  Predecir	  la	  mejoría:	  
§  Sospechar:	  
•  Elevación	  pasiva	  de	  piernas.	  
•  Variación	  de	  la	  presión	  de	  pulso.	  
•  Variación	  del	  volumen	  sistólico.	  
•  Variaciones	  respiratorias	  en	  la	  onda	  

de	  ple5smograna.	  
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Adaptados	  
a	  la	  VM	  



1.  Resucitación:	  
•  Volumen:	  

ü  Predecir	  la	  mejoría:	  
§  Si	  existe	  sospecha 	   	  Actuar:	  
•  Fluid	  challenge.	  
•  3	  ml/kg	  o	  250	  ml	  en	  5	  min.	  
•  Respuesta	  en	  los	  parámetros	  

hemodinámicos.	  
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1.  Resucitación:	  
•  Volumen:	  

ü  Evitar	  coloides:	  
§  Aumento	  del	  coste.	  
§  No	  beneficio	  en	  mortalidad.	  
§  Mayor	  riesgo	  de	  fracaso	  renal.	  
§  Dosis	  LIMITADA:	  30	  ml/kg/día.	  
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1.  Resucitación:	  
•  Si	  no	  respuesta	  a	  volumen	  considerar:	  

ü  Más	  volumen:	  
§  Transfusión:	  <	  7	  g/dl.	  
§  Albúmina.	  

ü  Catecolaminas:	  
§  Noradrenalina	  de	  elección:	  PAM	  ≥	  65	  mmHg.	  
§  Evitar	  dopamina.	  
§  Valorar	  dobutamina	  si	  disfunción	  miocárdica	  asociada	  

a	  sepsis.	  Niveles	  supranormales	  no	  aumentan	  la	  
supervivencia.	  

ü  Insuficiencia	  suprarrenal	  rela5va:	  	  
§  Hidrocor5sona	  50	  mg/6h	  IV.	  
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1.  Resucitación:	  
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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 µg per kilogram of body weight per minute for dopamine or a dose of 0.19 µg 
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.)
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1.  Resucitación:	  
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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 µg per kilogram of body weight per minute for dopamine or a dose of 0.19 µg 
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.)
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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.7

This study has several limitations. First, do-
pa mine 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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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-
pa mine 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.

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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1.  Resucitación:	  
•  Si	  no	  respuesta	  a	  volumen	  considerar:	  

ü  Más	  volumen:	  
§  Transfusión:	  <	  7	  g/dl.	  
§  Albúmina.	  

ü  Catecolaminas:	  
§  Noradrenalina	  de	  elección:	  PAM	  ≥	  65	  mmHg.	  
§  Evitar	  dopamina.	  
§  Valorar	  dobutamina	  si	  disfunción	  miocárdica	  asociada	  

a	  sepsis.	  Niveles	  supranormales	  no	  aumentan	  la	  
supervivencia.	  

ü  Insuficiencia	  suprarrenal	  rela5va:	  	  
§  Hidrocor5sona	  50	  mg/6h	  IV.	  
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1.  Resucitación:	  
•  OBJETIVOS	  (1as	  6	  horas)	  

ü PVC	  8-‐12	  mmHg.	  
ü PAM	  ≥	  65	  mmHg.	  
ü Diuresis	  ≥	  0,5	  ml/kg/h.	  
ü Saturación	  venosa:	  

§ Central	  >	  70	  %	  
§ Mixta	  >	  65	  %	  

ü Normalización	  del	  lác5co.	  
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2.  Diagnós5co	  y	  microbiología:	  
•  Cul5vos/5nción	  de	  Gram	  según	  el	  foco.	  
•  Hemocul5vos	  siempre.	  
•  No	  demorar	  en	  más	  de	  45	  min	  el	  inicio	  del	  po	  

an5bió5co.	  
•  No	  recomendación	  sobre	  procalcitonina/PCR.	  
•  Pruebas	  de	  imagen.	  
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2.  Diagnós5co	  y	  microbiología:	  
•  Terapia	  an5microbiana	  de	  amplio	  espectro.	  

ü  PRIMERA	  HORA	  tras	  el	  diagnós5co.	  
§  Aumento	  de	  mortalidad.	  

ü  A	  tener	  en	  cuenta:	  
§  An5bioterapia	  en	  los	  tres	  meses	  previos.	  
§  Valorar	  riesgo	  individual	  de	  SAMR	  y	  BGNMR.	  
§  Primera	  dosis	  ha	  de	  ser	  PLENA.	  
§  Valorar	  desescalar.	  
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3.  Otros	  aspectos:	  
•  Control	  del	  foco	  

ü  Primeras	  12	  h	  si	  es	  posible.	  
ü  Hacer	  uso	  de	  la	  intervención	  menos	  

agresiva.	  
ü  Accesos/disposi5vos	  intravasculares:	  

valorar	  su	  re5rada.	  
ü  Excepción:	  necrosis	  intrapancreá5ca	  

(delimitación).	  
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3.  Otros	  aspectos:	  
•  Hemoderivados:	  

ü  Hemaqes:	  Hb	  <	  7	  g/dl.	  
ü  Plasma:	  sólo	  en	  caso	  de	  coagulopaqa	  Y	  sangrado	  

ac5vo	  o	  procedimiento	  invasivo.	  
ü  Plaquetas:	  

§  >	  50.000	  cel/mm3:	  No	  trasfundir.	  
§  ≤	  10.000	  cel/mm3:	  transfusión	  profilác5ca.	  
§  10.000	  –	  50.000	  cel/mm3:	  según	  actuaciones.	  
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3.  Otros	  aspectos:	  
•  Bicarbonato:	  

ü  Sepsis:	  Acidosis	  metabólica:	  lác5ca/renal.	  
ü  Corregir	  la	  causa.	  
ü  Evitar	  HCO3

-‐	  si	  pH	  ≥	  7,15.	  
§  Fines	  hemodinámicos.	  

•  Glucemia:	  
ü  Obje5vo:	  ≤	  180	  mg/dl.	  
ü  Cuidado	  con	  las	  determinaciones	  periféricas.	  
ü  Perfusión	  de	  insulina	  IV.	  
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3.  Otros	  aspectos:	  
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BSTRACT

 

Background

 

Hyperglycemia and insulin resistance
are common in critically ill patients, even if they have
not previously had diabetes. Whether the normaliza-
tion of blood glucose levels with insulin therapy im-
proves the prognosis for such patients is not known.

 

Methods

 

We performed a prospective, randomized,
controlled study involving adults admitted to our sur-
gical intensive care unit who were receiving mechan-
ical ventilation. On admission, patients were randomly
assigned to receive intensive insulin therapy (main-
tenance of blood glucose at a level between 80 and
110 mg per deciliter) or conventional treatment (infu-
sion of insulin only if the blood glucose level exceeded
215 mg per deciliter and maintenance of glucose at
a level between 180 and 200 mg per deciliter).

 

Results

 

At 12 months, with a total of 1548 patients
enrolled, intensive insulin therapy reduced mortality
during intensive care from 8.0 percent with conven-
tional treatment to 4.6 percent (P<0.04, with adjust-
ment for sequential analyses). The benefit of intensive
insulin therapy was attributable to its effect on mor-
tality among patients who remained in the intensive
care unit for more than five days (20.2 percent with
conventional treatment, as compared with 10.6 per-
cent with intensive insulin therapy; P=0.005). The
greatest reduction in mortality involved deaths due to
multiple-organ failure with a proven septic focus. In-
tensive insulin therapy also reduced overall in-hospital
mortality by 34 percent, bloodstream infections by 46
percent, acute renal failure requiring dialysis or hemo-
filtration by 41 percent, the median number of red-cell
transfusions by 50 percent, and critical-illness poly-
neuropathy by 44 percent, and patients receiving in-
tensive therapy were less likely to require prolonged
mechanical ventilation and intensive care.

 

Conclusions

 

Intensive insulin therapy to maintain
blood glucose at or below 110 mg per deciliter reduces
morbidity and mortality among critically ill patients
in the surgical intensive care unit. (N Engl J Med
2001;345:1359-67.)

 

Copyright © 2001 Massachusetts Medical Society.
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RITICALLY ill patients who require inten-
sive care for more than five days have a 20
percent risk of death and substantial mor-
bidity.

 

1

 

 Critical-illness polyneuropathy and
skeletal-muscle wasting prolong the need for mechan-
ical ventilation.

 

2-5

 

 Moreover, increased susceptibility
to severe infections and failure of vital organs amplify
the risk of an adverse outcome.

Hyperglycemia associated with insulin resistance

 

6-8

 

is common in critically ill patients, even those who
have not previously had diabetes. It has been report-
ed that pronounced hyperglycemia may lead to com-
plications in such patients,

 

9-13

 

 although data from con-
trolled trials are lacking. In diabetic patients with
acute myocardial infarction, therapy to maintain blood
glucose at a level below 215 mg per deciliter (11.9
mmol per liter) improves the long-term outcome.

 

14-16

 

In nondiabetic patients with protracted critical ill-
nesses, high serum levels of insulin-like growth fac-
tor–binding protein 1, which reflect an impaired re-
sponse of hepatocytes to insulin, increase the risk of
death.

 

17,18

 

We hypothesized that hyperglycemia or relative
insulin deficiency (or both) during critical illness
may directly or indirectly confer a predisposition to
complications,

 

11,19,20

 

 such as severe infections, poly-
neuropathy, multiple-organ failure, and death. We per-
formed a prospective, randomized, controlled trial at
one center to determine whether normalization of
blood glucose levels with intensive insulin therapy
reduces mortality and morbidity among critically ill
patients.

C
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other than cardiac surgery, tertiary referral, and con-
ventional insulin treatment, but not a history of di-
abetes or hyperglycemia at the time of admission to
the intensive care unit.

 

Morbidity

 

A history of diabetes or hyperglycemia at the time
of admission did not affect measures of morbidity.
Intensive insulin therapy reduced the duration of in-
tensive care but not the overall length of stay in the
hospital. The rate of readmission to the intensive care
unit was the same in the two groups (2.1 percent).
Significantly fewer patients in the intensive-treatment
group than in the conventional-treatment group re-
quired prolonged ventilatory support and renal re-
placement therapy, whereas the proportion of patients
who needed inotropic or vasopressor support was the
same in the two groups (Table 4). The number of pa-
tients who had hyperbilirubinemia was also signifi-
cantly smaller in the intensive-treatment group than
in the conventional-treatment group.

Intensive insulin treatment reduced episodes of sep-
ticemia by 46 percent (95 percent confidence inter-
val, 25 to 67 percent) (Table 4). Of the episodes of
septicemia in the intensive-treatment group, 34 per-
cent were polymicrobial as compared with 23 percent
in the conventional-treatment group (P=0.2). Caus-
ative pathogens included coagulase-negative staphy-
lococci (accounting for 31.3 percent of all episodes
of septicemia), enterococcus species (14.7 percent),
nonfermenting gram-negative bacilli (14.7 percent),
inducible Enterobacteriaceae (12.6 percent), other En-

terobacteriaceae (8.4 percent), and 

 

Staphylococcus au-
reus (7.7 percent).

Markers of inflammation were less frequently ab-
normal in the intensive-treatment group than in the
conventional-treatment group (P«0.02). The patients
who received intensive insulin therapy were less likely
to require prolonged use of antibiotics than were the
patients who received conventional treatment, an ef-
fect that was largely attributable to the lower rate of
bacteremia in the intensive-treatment group (75 per-
cent of patients who had bacteremia received anti-
biotics for more than 10 days, as compared with 10
percent of patients who did not have bacteremia;
P<0.001). Among patients with bacteremia, those
treated with intensive insulin therapy had a lower mor-
tality rate than those treated conventionally (12.5 per-
cent vs. 29.5 percent), although this difference was not
statistically significant. The use of medications other
than insulin or antibiotics did not differ significantly
between the two treatment groups.

Because intensive insulin therapy reduced the length
of stay in the intensive care unit among patients re-
quiring intensive care for more than five days, fewer
patients in the intensive-treatment group than in the
conventional-treatment group were screened for poly-
neuropathy (20.5 percent vs. 26.3 percent, P=0.007).
Among the patients who were screened, those receiv-
ing intensive insulin therapy were less likely to have
critical-illness polyneuropathy than were those receiv-
ing conventional treatment, and the cases that did
develop resolved more rapidly. In both groups, there
was a positive, linear correlation between the risk of

Figure 1. Kaplan–Meier Curves Showing Cumulative Survival of Patients Who Received Intensive In-
sulin Treatment or Conventional Treatment in the Intensive Care Unit (ICU).
Patients discharged alive from the ICU (Panel A) and from the hospital (Panel B) were considered to
have survived. In both cases, the differences between the treatment groups were significant (survival
in ICU, nominal P=0.005 and adjusted P<0.04; in-hospital survival, nominal P=0.01). P values were
determined with the use of the Mantel–Cox log-rank test.
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Background

Intensive insulin therapy reduces morbidity and mortality in patients in surgical in-
tensive care units (ICUs), but its role in patients in medical ICUs is unknown.

Methods
In a prospective, randomized, controlled study of adult patients admitted to our 
medical ICU, we studied patients who were considered to need intensive care for at 
least three days. On admission, patients were randomly assigned to strict normal-
ization of blood glucose levels (80 to 110 mg per deciliter [4.4 to 6.1 mmol per liter]) 
with the use of insulin infusion or to conventional therapy (insulin administered 
when the blood glucose level exceeded 215 mg per deciliter [12 mmol per liter], with 
the infusion tapered when the level fell below 180 mg per deciliter [10 mmol per 
liter]). There was a history of diabetes in 16.9 percent of the patients.

Results
In the intention-to-treat analysis of 1200 patients, intensive insulin therapy reduced 
blood glucose levels but did not significantly reduce in-hospital mortality (40.0 per-
cent in the conventional-treatment group vs. 37.3 percent in the intensive-treatment 
group, P = 0.33). However, morbidity was significantly reduced by the prevention of 
newly acquired kidney injury, accelerated weaning from mechanical ventilation, and 
accelerated discharge from the ICU and the hospital. Although length of stay in the 
ICU could not be predicted on admission, among 433 patients who stayed in the ICU 
for less than three days, mortality was greater among those receiving intensive in-
sulin therapy. In contrast, among 767 patients who stayed in the ICU for three or 
more days, in-hospital mortality in the 386 who received intensive insulin therapy 
was reduced from 52.5 to 43.0 percent (P = 0.009) and morbidity was also reduced.

Conclusions
Intensive insulin therapy significantly reduced morbidity but not mortality among 
all patients in the medical ICU. Although the risk of subsequent death and disease 
was reduced in patients treated for three or more days, these patients could not be 
identified before therapy. Further studies are needed to confirm these preliminary 
data. (ClinicalTrials.gov number, NCT00115479.)
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in the highest APACHE II quartile (Table 2). Among 
the 433 patients who stayed in the ICU less than 
three days and for whom data were censored af-
ter randomization, 56 of those in the intensive-
treatment group and 42 in the conventional-treat-
ment group died, but the statistical significance 
of this finding varied depending on the analyti-
cal approach (P = 0.05 with the chi-square test; 
hazard ratio, 1.09; 95 percent confidence interval, 
0.90 to 1.32; P = 0.35 by uncorrected proportional-
hazards analysis; hazard ratio, 1.09; 95 percent 
confidence interval, 0.89 to 1.32; P = 0.41 after cor-
recting for baseline risk factors listed in Table 2).

Beyond the fifth day of intensive insulin ther-
apy, mortality was reduced from 54.9 to 45.9 per-
cent (P = 0.03), with no significant effect among 
patients staying less than five days in the ICU 
(P = 0.50).

Post Hoc Exploratory Mortality Analysis
Of the 1200 patients in the total study group, a 
post hoc analysis censored data on 65 patients for 

whom intensive care had been limited or with-
drawn within 72 hours after admission to the ICU 
(26 patients in the conventional-treatment group 
and 39 in the intensive-treatment group). Of these 
65 patients, 29 had long stays in the ICU (16 in 
the conventional-treatment group and 13 in the in-
tensive-treatment group), and 36 had short stays 
(10 and 26, respectively). After censoring, the 
in-hospital mortality in the intention-to-treat pop-
ulation was 37.8 percent in the conventional-treat-
ment group versus 33.5 percent in the intensive-
treatment group (P = 0.1); among those with long 
stays in the ICU, the in-hospital mortality was 50.9 
percent versus 41.5 percent (P = 0.01); and among 
those with short stays, it was 15.4 percent versus 
16.9 percent (P = 0.7).

Discussion

Intensive insulin therapy during intensive care 
prevented morbidity but did not significantly re-
duce the risk of death among all patients in the 
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Figure 4.!Kaplan–Meier!Curves!for!In-Hospital!Survival.

The effect of intensive insulin treatment on the time from admission to the intensive care unit (ICU) until death is 
shown for the intention-to-treat group (Panel A) and the subgroup of patients staying in the ICU for three or more 
days (Panel B). Patients discharged alive from the hospital were considered survivors. P values calculated by the 
log-rank test were 0.40 for the intention-to-treat group and 0.02 for the subgroup staying in the ICU for three or 
more days. P values calculated by proportional-hazards regression analysis were 0.30 and 0.02, respectively.
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ü No	  diferencias	  en	  mortalidad	  
entre	  los	  dos	  grupos.	  

ü Menor	  morbilidad:	  
§  Días	  libres	  de	  VM.	  
§  Fracaso	  renal.	  
§  No	  sale	  la	  bacteriemia.	  
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Background
The optimal target range for blood glucose in critically ill patients remains unclear.

Methods
Within 24 hours after admission to an intensive care unit (ICU), adults who were 
expected to require treatment in the ICU on 3 or more consecutive days were ran-
domly assigned to undergo either intensive glucose control, with a target blood 
glucose range of 81 to 108 mg per deciliter (4.5 to 6.0 mmol per liter), or conven-
tional glucose control, with a target of 180 mg or less per deciliter (10.0 mmol or 
less per liter). We defined the primary end point as death from any cause within 90 
days after randomization.

Results
Of the 6104 patients who underwent randomization, 3054 were assigned to un-
dergo intensive control and 3050 to undergo conventional control; data with regard 
to the primary outcome at day 90 were available for 3010 and 3012 patients, respec-
tively. The two groups had similar characteristics at baseline. A total of 829 patients 
(27.5%) in the intensive-control group and 751 (24.9%) in the conventional-control 
group died (odds ratio for intensive control, 1.14; 95% confidence interval, 1.02 to 
1.28; P = 0.02). The treatment effect did not differ significantly between operative 
(surgical) patients and nonoperative (medical) patients (odds ratio for death in the 
intensive-control group, 1.31 and 1.07, respectively; P = 0.10). Severe hypoglycemia 
(blood glucose level, !40 mg per deciliter [2.2 mmol per liter]) was reported in 206 
of 3016 patients (6.8%) in the intensive-control group and 15 of 3014 (0.5%) in the 
conventional-control group (P<0.001). There was no significant difference between 
the two treatment groups in the median number of days in the ICU (P = 0.84) or hos-
pital (P = 0.86) or the median number of days of mechanical ventilation (P = 0.56) or 
renal-replacement therapy (P = 0.39).

Conclusions
In this large, international, randomized trial, we found that intensive glucose con-
trol increased mortality among adults in the ICU: a blood glucose target of 180 mg 
or less per deciliter resulted in lower mortality than did a target of 81 to 108 mg per 
deciliter. (ClinicalTrials.gov number, NCT00220987.)
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The optimal target range for blood glucose in critically ill patients remains unclear.

Methods
Within 24 hours after admission to an intensive care unit (ICU), adults who were 
expected to require treatment in the ICU on 3 or more consecutive days were ran-
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days after randomization.

Results
Of the 6104 patients who underwent randomization, 3054 were assigned to un-
dergo intensive control and 3050 to undergo conventional control; data with regard 
to the primary outcome at day 90 were available for 3010 and 3012 patients, respec-
tively. The two groups had similar characteristics at baseline. A total of 829 patients 
(27.5%) in the intensive-control group and 751 (24.9%) in the conventional-control 
group died (odds ratio for intensive control, 1.14; 95% confidence interval, 1.02 to 
1.28; P = 0.02). The treatment effect did not differ significantly between operative 
(surgical) patients and nonoperative (medical) patients (odds ratio for death in the 
intensive-control group, 1.31 and 1.07, respectively; P = 0.10). Severe hypoglycemia 
(blood glucose level, !40 mg per deciliter [2.2 mmol per liter]) was reported in 206 
of 3016 patients (6.8%) in the intensive-control group and 15 of 3014 (0.5%) in the 
conventional-control group (P<0.001). There was no significant difference between 
the two treatment groups in the median number of days in the ICU (P = 0.84) or hos-
pital (P = 0.86) or the median number of days of mechanical ventilation (P = 0.56) or 
renal-replacement therapy (P = 0.39).

Conclusions
In this large, international, randomized trial, we found that intensive glucose con-
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or less per deciliter resulted in lower mortality than did a target of 81 to 108 mg per 
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3.  Otros	  aspectos:	  
•  Técnicas	  de	  reemplazo	  renal:	  

ü  Indicaciones:	  
§  Oligoanuria.	  
§  Acidosis.	  
§  Hiperpotasemia.	  

ü  Con5nua	  vs	  intermitente.	  
•  Nutrición:	  

ü  Oral/enteral:	  isquemia	  intes5nal	  y	  translocación.	  
ü  Hipocalórica	  inicial.	  
ü  Glutamina?.	  
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3.  Otros	  aspectos:	  

	  

•  Glutamina:	  
ü  Aminoácido	  no	  esencial.	  
ü  Metabolismo	  del	  nitrógeno.	  
ü  Man5ene	  la	  barrera	  intes5nal.	  
ü  Interviene	  en	  la	  síntesis	  de	  gluta5on:	  an5oxidante.	  
ü  Disminución	  de	  sus	  niveles	  durante	  la	  enfermedad	  grave.	  
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Glutamine supplementation in serious illness: A systematic review
of the evidence*

Frantisek Novak, MD; Daren K. Heyland, MD, FRCPC, MSc;
Alison Avenell, MD, MRCP, MRCPath, MB BS, MSc; John W. Drover, MD, FRCSC; Xiangyao Su, PhD

T he amino acid glutamine plays
a central role in nitrogen
transport within the body, is a
fuel for rapidly dividing cells,

such as in the gut and immune system,
and has many other essential metabolic
functions. Under normal physiologic con-
ditions, glutamine is synthesized in large
amounts by the human body and is there-

fore considered nonessential. It has been
hypothesized that glutamine may become
a conditionally essential amino acid in
patients with catabolic disease (1). Sev-
eral studies have shown that glutamine
levels drop following extreme physical ex-
ercise (1), after major surgery (2, 3), and
during critical illness (4, 5). Lower levels
of glutamine have been associated with
immune dysfunction (4) and higher mor-
tality in critically ill patients (6, 7).

In animal studies, glutamine supple-
mentation decreases gut mucosal atrophy
during total parenteral nutrition (8–10)
and preserves both intestinal and extra-
intestinal immunoglobulin-A levels (11).
However, with respect to bacterial trans-
location in animal models, studies of
parenteral or enteral glutamine-supple-
mented formulas show mixed results.
Some have shown decreased transloca-
tion (12, 13), whereas others have dem-
onstrated no such effect (14, 15). Re-

gardless, several animal studies have
demonstrated improved survival associ-
ated with glutamine supplementation
in models of sepsis (16 –19).

Human studies suggest that glu-
tamine supplementation maintains
gastrointestinal structure (20) and is as-
sociated with decreased intestinal perme-
ability compared with standard total par-
enteral nutrition (21, 22). Although
increased permeability correlates with
the development of organ dysfunction in
critically ill patients (23, 24), it may not
correspond with an increase in bacterial
translocation (25). In humans, glu-
tamine-supplemented formulas have re-
sulted in greater preservation of skeletal
muscle, improved nitrogen balance (26),
enhanced immune cell function (27), and
no elevation in proinflammatory cytokine
production (28, 29). Finally, since glu-
tamine is a precursor to glutathione, it
has been demonstrated that glutamine
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Objective: To examine the relationship between glutamine
supplementation and hospital length of stay, complication rates,
and mortality in patients undergoing surgery and experiencing
critical illness.

Data Sources: Computerized search of electronic databases
and search of personal files, abstract proceedings, relevant jour-
nals, and review of reference lists.

Study Selection: We reviewed 550 titles, abstracts, and arti-
cles. Primary studies were included if they were randomized trials
of critically ill or surgical patients that evaluated the effect of
glutamine vs. standard care on clinical outcomes.

Data Extraction: We abstracted relevant data on the method-
ology and outcomes of primary studies in duplicate, indepen-
dently.

Data Synthesis: There were 14 randomized trials comparing
the use of glutamine supplementation in surgical and critically ill
patients. When the results of these trials were aggregated, with
respect to mortality, glutamine supplementation was associated
with a risk ratio (RR) of 0.78 (95% confidence interval [CI],
0.58–1.04). Glutamine supplementation was also associated with
a lower rate of infectious complications (RR, 0.81; 95% CI, 0.64–
1.00) and a shorter hospital stay (!2.6 days; 95% CI, !4.5 to

!0.7). We examined several a priori–specified subgroups. Al-
though there were no statistically significant subgroup differ-
ences detected, there were some important trends. With respect
to mortality, the treatment benefit was observed in studies of
parenteral glutamine (RR, 0.71; 95% CI, 0.51–0.99) and high-dose
glutamine (RR, 0.73; 95% CI, 0.53–1.00) compared with studies of
enteral glutamine (RR, 1.08; 95% CI, 0.57–2.01) and low-dose
glutamine (RR, 1.02; 95% CI, 0.52–2.00). With respect to hospital
length of stay, all of the treatment benefit was observed in
surgical patients (!3.5 days; 95% CI, !5.3 to !1.7) compared
with critically ill patients (0.9 days; 95% CI, !4.9 to 6.8).

Conclusion: In surgical patients, glutamine supplementation
may be associated with a reduction in infectious complication
rates and shorter hospital stay without any adverse effect on
mortality. In critically ill patients, glutamine supplementation
may be associated with a reduction in complication and mor-
tality rates. The greatest benefit was observed in patients
receiving high-dose, parenteral glutamine. (Crit Care Med
2002; 30:2022–2029)

KEY WORDS: glutamine; enteral nutrition; critical care; surgery;
cross infections; pneumonia; review; meta-analysis; randomized
trials
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mented formulas show mixed results.
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onstrated no such effect (14, 15). Re-

gardless, several animal studies have
demonstrated improved survival associ-
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in models of sepsis (16 –19).
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ability compared with standard total par-
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increased permeability correlates with
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shorter length of stay (!3.01 days; 95%
CI, !6.23 to 0.20). Studies with a lower
methods score showed a significant treat-
ment effect (!2.2 days; 95% CI, !3.85 to
!0.55). The difference between these two
subgroups was not significant (p " .67).

DISCUSSION

There are several randomized clinical
trials evaluating the effect of glutamine

supplementation in seriously ill patients.
Individually, the majority of these studies
are underpowered to evaluate an effect on
clinically important end points. The ad-
vantage of the meta-analysis is that by
combining across similar studies, we can
determine a more precise estimate of
treatment effect. Unlike previous meta-
analyses of nutrition support (32, 33), in
the aggregated estimates, we found no

evidence of harm associated with glu-
tamine supplementation. Overall, glu-
tamine was associated with a strong trend
toward a reduction in mortality, a lower
complication rate, and a shorter hospital
stay.

However, there are several reasons
why our overall results should be viewed
more as hypothesis generating than hy-
pothesis confirming. First, relative to
other meta-analyses, this review contains
few studies with even fewer observed clin-
ical end points. For example, only one
half of the included studies looked at in-
fectious complication rates. Infrequent
events in few studies are more likely to
produce unstable or erroneous estimates
of treatment effect. Second, we could not
locate or utilize some unpublished data.
Although the inclusion of two of these
studies does not substantially alter the
conclusions, there are still three (45–47)
completed studies that have not been in-
corporated into this meta-analysis. Third,
although we attempted to obtain data on
an intention-to-treat basis, this was not
possible in the majority of the cases. For
the aforementioned reasons, we suspect
that our results are unstable and, at best,
should be viewed as hypothesis generat-
ing. However, given that the upper 95%
CI around the effect on mortality approx-
imates 1.00, with reasonable confidence
we can conclude that glutamine supple-
mentation is safe (excludes harm).

Because heterogeneity existed in some
analyses, and in an attempt to further
generate hypotheses that can be tested in
future trials, we explored several sub-
group analyses. A priori, we anticipated
that the treatment effect of glutamine
may vary depending on the patient pop-
ulation, dose, and route of administration
and the methodologic quality of the indi-
vidual studies. Although no significant
differences across subgroups were
present, there were some statistical
trends across and within subgroups that
further illuminate the potential treat-
ment effect of glutamine. Similar to pre-
vious meta-analyses of nutrition support
(32, 33), it would seem that there are
important differences in treatment effect
between critically ill and surgical pa-
tients. All the mortality benefit was ob-
served in critically ill patients, and there
were trends toward different treatment
effects on complications rates and hospi-
tal length of stay.

The optimal dose of glutamine is un-
known, although human studies suggest
that glutamine supplementation up to

Figure 2. Risk ratios (RR) and associated 95% confidence intervals (CI) for the effect of glutamine on
mortality.

Figure 3. Risk ratios (RR) and associated 95% confidence intervals (CI) for the effect of glutamine on
infectious complications.
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Background
Critically ill patients have considerable oxidative stress. Glutamine and antioxidant 
supplementation may offer therapeutic benefit, although current data are conflicting.

Methods
In this blinded 2-by-2 factorial trial, we randomly assigned 1223 critically ill adults 
in 40 intensive care units (ICUs) in Canada, the United States, and Europe who had 
multiorgan failure and were receiving mechanical ventilation to receive supple-
ments of glutamine, antioxidants, both, or placebo. Supplements were started within 
24 hours after admission to the ICU and were provided both intravenously and en-
terally. The primary outcome was 28-day mortality. Because of the interim-analysis 
plan, a P value of less than 0.044 at the final analysis was considered to indicate 
statistical significance.

Results
There was a trend toward increased mortality at 28 days among patients who re-
ceived glutamine as compared with those who did not receive glutamine (32.4% vs. 
27.2%; adjusted odds ratio, 1.28; 95% confidence interval [CI], 1.00 to 1.64; P = 0.05). 
In-hospital mortality and mortality at 6 months were significantly higher among 
those who received glutamine than among those who did not. Glutamine had no 
effect on rates of organ failure or infectious complications. Antioxidants had no ef-
fect on 28-day mortality (30.8%, vs. 28.8% with no antioxidants; adjusted odds ratio, 
1.09; 95% CI, 0.86 to 1.40; P = 0.48) or any other secondary end point. There were no 
differences among the groups with respect to serious adverse events (P = 0.83).

Conclusions
Early provision of glutamine or antioxidants did not improve clinical outcomes, and 
glutamine was associated with an increase in mortality among critically ill patients 
with multiorgan failure. (Funded by the Canadian Institutes of Health Research; 
ClinicalTrials.gov number, NCT00133978.)
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A bs tr ac t

Background
Critically ill patients have considerable oxidative stress. Glutamine and antioxidant 
supplementation may offer therapeutic benefit, although current data are conflicting.

Methods
In this blinded 2-by-2 factorial trial, we randomly assigned 1223 critically ill adults 
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multiorgan failure and were receiving mechanical ventilation to receive supple-
ments of glutamine, antioxidants, both, or placebo. Supplements were started within 
24 hours after admission to the ICU and were provided both intravenously and en-
terally. The primary outcome was 28-day mortality. Because of the interim-analysis 
plan, a P value of less than 0.044 at the final analysis was considered to indicate 
statistical significance.

Results
There was a trend toward increased mortality at 28 days among patients who re-
ceived glutamine as compared with those who did not receive glutamine (32.4% vs. 
27.2%; adjusted odds ratio, 1.28; 95% confidence interval [CI], 1.00 to 1.64; P = 0.05). 
In-hospital mortality and mortality at 6 months were significantly higher among 
those who received glutamine than among those who did not. Glutamine had no 
effect on rates of organ failure or infectious complications. Antioxidants had no ef-
fect on 28-day mortality (30.8%, vs. 28.8% with no antioxidants; adjusted odds ratio, 
1.09; 95% CI, 0.86 to 1.40; P = 0.48) or any other secondary end point. There were no 
differences among the groups with respect to serious adverse events (P = 0.83).

Conclusions
Early provision of glutamine or antioxidants did not improve clinical outcomes, and 
glutamine was associated with an increase in mortality among critically ill patients 
with multiorgan failure. (Funded by the Canadian Institutes of Health Research; 
ClinicalTrials.gov number, NCT00133978.)
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have a significant effect on the outcomes of organ 
failure (Table 3 in the Supplementary Appendix) 
or infections (Table 4 in the Supplementary Ap-
pendix). Antioxidant supplementation as compared 
with no antioxidants did not have a significant 
effect on any secondary outcome (Table 3, and 
Tables 3 and 4 in the Supplementary Appendix).

Adverse Events
A total of 52 serious adverse events were reported 
in 46 patients; 4 were considered to be potentially 
related to study supplements. There were no sig-
nificant differences in rates of serious adverse 
events across groups (P = 0.83) (Table 5 in the Sup-
plementary Appendix). The frequency of high urea 
levels (>50 mmol per liter) was higher among pa-
tients who received glutamine than among those 
who did not (13.4% vs. 4.0%, P<0.001).

Laboratory Substudy
Baseline median plasma glutamine and selenium 
levels were within normal limits in 66 substudy 
patients (Fig. 2 and Table 6 in the Supplementary 
Appendix). Glutamine supplementation as com-
pared with no glutamine was associated with a 
significant increase in plasma glutamine levels 
on both day 4 and day 7 of the ICU stay (P<0.001 
for both comparisons). Antioxidant supplemen-
tation as compared with no antioxidants was as-
sociated with a significant increase from base-
line in plasma selenium levels on days 4 and 7 of 
the ICU stay (P<0.001 for both comparisons). How-
ever, median selenium levels remained within 
normal ranges in both groups at all time points.

Discussion

In this international, randomized, blinded trial 
involving critically ill patients with multiorgan 
failure, a nonsignificant increase in 28-day mor-
tality and significant increases in in-hospital and 
6-month mortality were observed with the use of 
glutamine. No effect of glutamine was observed 
on any other outcome. Antioxidant supplementa-
tion was not associated with any effect on study 
outcomes. In our prespecified subgroup analyses, 
we did not identify any indication of benefit or 
harm in the various patient subgroups examined.

The mechanism whereby glutamine may cause 
harm is unknown. However, several factors may 
account for the discrepancy between the results 
of our study and previous findings. First, prior in-
dications of benefit have emerged from the meta-

analysis of smaller, less methodologically robust 
trials.6 Second, in contrast to patients in previ-
ous studies in the ICU setting, patients in our 
trial received the highest dose of glutamine pre-
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The mechanism whereby glutamine may cause 
harm is unknown. However, several factors may 
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of our study and previous findings. First, prior in-
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ous studies in the ICU setting, patients in our 
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A

 

BSTRACT

 

Background

 

Drotrecogin alfa (activated), or recom-
binant human activated protein C, has antithrombotic,
antiinflammatory, and profibrinolytic properties. In a
previous study, drotrecogin alfa activated produced
dose-dependent reductions in the levels of markers
of coagulation and inflammation in patients with se-
vere sepsis. In this phase 3 trial, we assessed whether
treatment with drotrecogin alfa activated reduced the
rate of death from any cause among patients with
severe sepsis.

 

Methods

 

We conducted a randomized, double-blind,
placebo-controlled, multicenter trial. Patients with sys-
temic inflammation and organ failure due to acute in-
fection were enrolled and assigned to receive an intra-
venous infusion of either placebo or drotrecogin alfa
activated (24 µg per kilogram of body weight per hour)
for a total duration of 96 hours. The prospectively de-
fined primary end point was death from any cause and
was assessed 28 days after the start of the infusion.
Patients were monitored for adverse events; changes
in vital signs, laboratory variables, and the results of
microbiologic cultures; and the development of neu-
tralizing antibodies against activated protein C.

 

Results

 

A total of 1690 randomized patients were
treated (840 in the placebo group and 850 in the
drotrecogin alfa activated group). The mortality rate
was 30.8 percent in the placebo group and 24.7 per-
cent in the drotrecogin alfa activated group. On the ba-
sis of the prospectively defined primary analysis, treat-
ment with drotrecogin alfa activated was associated
with a reduction in the relative risk of death of 19.4 per-
cent (95 percent confidence interval, 6.6 to 30.5) and
an absolute reduction in the risk of death of 6.1 percent
(P=0.005). The incidence of serious bleeding was high-
er in the drotrecogin alfa activated group than in the
placebo group (3.5 percent vs. 2.0 percent, P=0.06).

 

Conclusions

 

Treatment with drotrecogin alfa acti-
vated significantly reduces mortality in patients with
severe sepsis and may be associated with an increased
risk of bleeding. 
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EVERE sepsis, defined as sepsis associated with
acute organ dysfunction, results from a gener-
alized inflammatory and procoagulant response
to an infection.
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 The rate of death from severe
sepsis ranges from 30 to 50 percent despite advances
in critical care.
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 In the United States, approximately
750,000 cases of sepsis occur each year, at least
225,000 of which are fatal.
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The inflammatory and procoagulant host respons-
es to infection are closely related.
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 Inflammatory cy-
tokines, including tumor necrosis factor 
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, interleu-
kin-1
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, and interleukin-6, are capable of activating
coagulation and inhibiting fibrinolysis, whereas the
procoagulant thrombin is capable of stimulating mul-
tiple inflammatory pathways.

 

7-11

 

 The end result may
be diffuse endovascular injury, multiorgan dysfunction,
and death. Activated protein C, an endogenous pro-
tein that promotes fibrinolysis and inhibits thrombo-
sis and inflammation, is an important modulator of the
coagulation and inflammation associated with severe
sepsis (Fig. 1).
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 Activated protein C is converted from
its inactive precursor, protein C, by thrombin coupled
to thrombomodulin.
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Figure 1.

 

 Proposed Actions of Activated Protein C in Modulating the Systemic Inflammatory, Procoagulant, and Fibrinolytic Host
Responses to Infection.
The inflammatory and procoagulant host responses to infection are intricately linked. Infectious agents and inflammatory cytokines
such as tumor necrosis factor 
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 (TNF-
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) and interleukin-1 activate coagulation by stimulating the release of tissue factor from mono-
cytes and the endothelium. The presentation of tissue factor leads to the formation of thrombin and a fibrin clot. Inflammatory
cytokines and thrombin can both impair the endogenous fibrinolytic potential by stimulating the release of plasminogen-activator
inhibitor 1 (PAI-1) from platelets and the endothelium. PAI-1 is a potent inhibitor of tissue plasminogen activator, the endogenous
pathway for lysing a fibrin clot. In addition, the procoagulant thrombin is capable of stimulating multiple inflammatory pathways
and further suppressing the endogenous fibrinolytic system by activating thrombin-activatable fibrinolysis inhibitor (TAFI). The con-
version of protein C, by thrombin bound to thrombomodulin, to the serine protease activated protein C is impaired by the inflam-
matory response. Endothelial injury results in decreased thrombomodulin levels. The end result of the host response to infection
may be the development of diffuse endovascular injury, microvascular thrombosis, organ ischemia, multiorgan dysfunction, and
death. Activated protein C can intervene at multiple points during the systemic response to infection. It exerts an antithrombotic
effect by inactivating factors Va and VIIIa, limiting the generation of thrombin. As a result of decreased thrombin levels, the inflam-
matory, procoagulant, and antifibrinolytic response induced by thrombin is reduced. In vitro data indicate that activated protein C
exerts an antiinflammatory effect by inhibiting the production of inflammatory cytokines (TNF-
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, interleukin-1, and interleukin-6)
by monocytes and limiting the rolling of monocytes and neutrophils on injured endothelium by binding selectins. Activated protein C
indirectly increases the fibrinolytic response by inhibiting PAI-1.

 

12-17

Monocyte

Neutrophil

Reduction!
of rolling!

 

PAI-1

Coagulation cascade

Tissue factor

Tissue factor

Factor VIIIa

Supression!
of fibrinolysis

Factor Va

Endothelium

Fibrin

TAFI

Fibrin clot

ThrombinTNF-a

TNF-a

Interleukin-1
Interleukin-6

Interleukin-1
Interleukin-6

!

Activated!
protein C
Activated!
protein C

Bacterial, viral,!
fungal, or!

parasitic infection!
or endotoxin

Inflammatory!
Response!

to Infection

Thrombotic!
Response!

to Infection

Fibrinolytic!
Response!

to Infection

Inactiv
atio

n Inactivation

Pr
ev

en
tio

n
of

ac
tiv

ati
on

Inactiv
atio

n

Inhibition

Inhibition

Activated!
protein C
Activated!
protein C

Activated!
protein C
Activated!
protein C

Activated!
protein C
Activated!
protein C

The New England Journal of Medicine 
Downloaded from nejm.org at HOSPITAL UNIV PUERTA DE HIERRO on May 27, 2013. For personal use only. No other uses without permission. 

 Copyright © 2001 Massachusetts Medical Society. All rights reserved. 

704 · N Engl J Med, Vol. 344, No. 10 · March 8, 2001 · www.nejm.org

The New England Journal  of  Medicine

*Patients were analyzed in the treatment group to which they were assigned at randomization. CI denotes confidence interval.
†Two-sided P values for the nonstratified and subgroup analyses are based on Pearson’s chi-square tests, and the P value for the primary

stratified analysis is based on the Cochran–Mantel–Haenszel test.
‡The relative risk of death is calculated as the mortality rate in the drotrecogin alfa activated group divided by the mortality rate in the

placebo group.
§For the stratified analysis, the absolute reduction in risk was estimated with use of the average of the absolute reduction in risk within

strata.
¶In the prospectively defined stratified analysis, the relative risk of death was calculated after an adjustment for the base-line APACHE II

quartile, age, and protein C activity.
¿This analysis included 38 patients who were randomly assigned to treatment but who never received the study drug.

TABLE 4. ANALYSIS OF THE RATES AND RISKS OF DEATH FROM ANY CAUSE AT 28 DAYS.*

VARIABLE PLACEBO GROUP

DROTRECOGIN
ALFA ACTIVATED

GROUP
P 

VALUE†

RELATIVE RISK
OF DEATH
(95% CI)‡

ABSOLUTE REDUCTION
IN RISK (95% CI)§

no./total no. (%) %

Treated patients
Nonstratified analysis 259/840 (30.8) 210/850 (24.7) 0.005 0.80 (0.69 to 0.94) 6.1 (1.9 to 10.4)
Stratified analysis¶ 0.005 0.81 (0.70 to 0.93) 6.2 (1.6 to 10.8)
Protein C deficiency

Yes 215/670 (32.1) 182/709 (25.7) 0.009 0.80 (0.68 to 0.95) 6.4 (1.6 to 11.2)
No 28/105 (26.7) 14/90  (15.6) 0.06 0.58 (0.33 to 1.04) 11.1 (¡0.4 to 22.6)
Unknown 16/65  (24.6) 14/51  (27.5) 0.73 1.12 (0.60 to 2.07) ¡2.8 (¡19.0 to 13.4)

Randomized patients¿
Nonstratified analysis 268/857 (31.3) 216/871 (24.8) 0.003 0.79 (0.68 to 0.92) 6.5 (2.2 to 10.7)

Figure 2. Kaplan–Meier Estimates of Survival among 850 Patients with Severe Sepsis in the Drotrec-
ogin Alfa Activated Group and 840 Patients with Severe Sepsis in the Placebo Group.
Treatment with drotrecogin alfa activated was associated with a significantly higher rate of survival
(P=0.006 by the stratified log-rank test).
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Background
There have been conflicting reports on the efficacy of recombinant human activated 
protein C, or drotrecogin alfa (activated) (DrotAA), for the treatment of patients 
with septic shock.

Methods
In this randomized, double-blind, placebo-controlled, multicenter trial, we assigned 
1697 patients with infection, systemic inflammation, and shock who were receiving 
fluids and vasopressors above a threshold dose for 4 hours to receive either DrotAA 
(at a dose of 24 µg per kilogram of body weight per hour) or placebo for 96 hours. 
The primary outcome was death from any cause 28 days after randomization.

Results
At 28 days, 223 of 846 patients (26.4%) in the DrotAA group and 202 of 834 (24.2%) 
in the placebo group had died (relative risk in the DrotAA group, 1.09; 95% con-
fidence interval [CI], 0.92 to 1.28; P = 0.31). At 90 days, 287 of 842 patients (34.1%) 
in the DrotAA group and 269 of 822 (32.7%) in the placebo group had died (relative 
risk, 1.04; 95% CI, 0.90 to 1.19; P = 0.56). Among patients with severe protein C 
deficiency at baseline, 98 of 342 (28.7%) in the DrotAA group had died at 28 days, 
as compared with 102 of 331 (30.8%) in the placebo group (risk ratio, 0.93; 95% CI, 
0.74 to 1.17; P = 0.54). Similarly, rates of death at 28 and 90 days were not signifi-
cantly different in other predefined subgroups, including patients at increased risk 
for death. Serious bleeding during the treatment period occurred in 10 patients in 
the DrotAA group and 8 in the placebo group (P = 0.81).

Conclusions
DrotAA did not significantly reduce mortality at 28 or 90 days, as compared with 
placebo, in patients with septic shock. (Funded by Eli Lilly; PROWESS-SHOCK 
ClinicalTrials.gov number, NCT00604214.)
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1.  Resucitación:	  
•  Volumen:	  

ü  Predecir	  la	  mejoría:	  
§  Elevación	  pasiva	  de	  piernas.	  
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1.  Resucitación:	  
•  Volumen:	  

ü  Predecir	  la	  mejoría:	  
§  Variación	  de	  la	  presión	  de	  pulso.	  
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1.  Resucitación:	  
•  Volumen:	  

ü  Predecir	  la	  mejoría:	  
§  Variación	  del	  volumen	  sistólico.	  
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1.  Resucitación:	  
•  Volumen:	  
ü  Predecir	  la	  mejoría:	  

§  Variaciones	  respiratorias	  en	  
la	  onda	  de	  ple5smograna.	  
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background 

 

It remains uncertain whether the choice of resuscitation fluid for patients in intensive
care units (ICUs) affects survival. We conducted a multicenter, randomized, double-blind
trial to compare the effect of fluid resuscitation with albumin or saline on mortality in a
heterogeneous population of patients in the ICU.

 

methods 

 

We randomly assigned patients who had been admitted to the ICU to receive either
4 percent albumin or normal saline for intravascular-fluid resuscitation during the next
28 days. The primary outcome measure was death from any cause during the 28-day
period after randomization.

 

results 

 

Of the 6997 patients who underwent randomization, 3497 were assigned to receive al-
bumin and 3500 to receive saline; the two groups had similar baseline characteristics.
There were 726 deaths in the albumin group, as compared with 729 deaths in the saline
group (relative risk of death, 0.99; 95 percent confidence interval, 0.91 to 1.09; P=0.87).
The proportion of patients with new single-organ and multiple-organ failure was sim-
ilar in the two groups (P=0.85). There were no significant differences between the
groups in the mean (±SD) numbers of days spent in the ICU (6.5±6.6 in the albumin
group and 6.2±6.2 in the saline group, P=0.44), days spent in the hospital (15.3±9.6
and 15.6±9.6, respectively; P=0.30), days of mechanical ventilation (4.5±6.1 and
4.3±5.7, respectively; P=0.74), or days of renal-replacement therapy (0.5±2.3 and
0.4±2.0, respectively; P=0.41).

 

conclusions 

 

In patients in the ICU, use of either 4 percent albumin or normal saline for fluid resus-
citation results in similar outcomes at 28 days.
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signed to receive saline. Central venous pressure
was significantly higher in the albumin group than
in the saline group at all time points during the first
four days, and the serum albumin concentration was
higher in the albumin group throughout the study
period (Table 2).

 

outcomes

 

Within 28 days after randomization, 726 of 3473 pa-
tients in the albumin group (20.9 percent) and 729
of 3460 patients in the saline group (21.1 percent)
had died. For the albumin group as compared with
the saline group, the absolute difference in mortal-
ity was –0.2 percent (95 percent confidence inter-
val, –2.1 to +1.8 percent). The relative risk of death
among patients assigned to receive albumin as

compared with those assigned to receive saline was
0.99 (95 percent confidence interval, 0.91 to 1.09;
P=0.87). At 28 days, 111 patients in the albumin
group (3.2 percent) and 87 patients in the saline
group (2.5 percent) remained in the ICU (relative
risk, 1.27; P=0.09); 793 (22.8 percent) and 848
(24.5 percent), respectively, remained in the hospi-
tal (relative risk, 0.93; 95 percent confidence inter-
val, 0.86 to 1.01; P=0.10) (Table 3). There was no
significant difference in survival times between the
two groups (Fig. 1).

The number of patients who had new single-
organ or multiple-organ failure, assessed according
to their SOFA scores, was similar in the two groups
(P=0.85 by Fisher’s exact test) (Table 3). During the
28-day study period the mean length of stay in the

 

* Plus–minus values are means ±SD. CI denotes confidence interval, and ICU intensive care unit.
† The data include the numbers of patients in the ICU or the length of stay in the ICU.
‡ Data were available for 2649 patients in the albumin group and 2673 patients in the saline group. New organ failure was defined as a Sequential 

Organ-Failure Assessment score

 

13

 

 of 0, 1, or 2 in any individual organ system at baseline, followed by an increase in the score to 3 or 4 in the 
same system.

§ The P value pertains to the comparison between the albumin and saline groups in the numbers of patients who had no new organ failure or 

 

new failure of one, two, three, four, or five organs.

 

Table 3. Primary and Secondary Outcomes.*

Outcome Albumin Group Saline Group
Relative Risk

(95% CI)
Absolute Difference

(95% CI) P Value

 

Status at 28 days — no./total no. (%)

Dead 726/3473 (20.9) 729/3460 (21.1) 0.99 (0.91 to 1.09) 0.87

Alive in ICU 111/3473 (3.2) 87/3460 (2.5) 1.27 (0.96 to 1.68) 0.09

Alive in hospital† 793/3473 (22.8) 848/3460 (24.5) 0.93 (0.86 to 1.01) 0.10

Length of stay in ICU — days 6.5±6.6 6.2±6.2 0.24 (–0.06 to 0.54) 0.44

Length of stay in hospital — days† 15.3±9.6 15.6±9.6 –0.24 (–0.70 to 0.21) 0.30

Duration of mechanical ventilation — 
days

4.5±6.1 4.3±5.7 0.19 (–0.08 to 0.47) 0.74

Duration of renal-replacement therapy 
— days

0.48±2.28 0.39±2.0 0.09 (–0.0 to 0.19) 0.41

New organ failure — no. (%)‡ 0.85§

No failure 1397 (52.7) 1424 (53.3)

1 organ 795 (30.0) 796 (29.8)

2 organs 369 (13.9) 361 (13.5)

3 organs 68 (2.6) 75 (2.8)

4 organs 18 (0.7) 17 (0.6)

5 organs 2 (0.1) 0 

Death within 28 days according to sub-
group — no./total no. (%)

Patients with trauma 81/596 (13.6) 59/590 (10.0) 1.36 (0.99 to 1.86) 0.06

Patients with severe sepsis 185/603 (30.7) 217/615 (35.3) 0.87 (0.74 to 1.02) 0.09

Patients with acute respiratory dis-
tress syndrome

24/61  (39.3) 28/66  (42.4) 0.93 (0.61 to 1.41) 0.72
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The role of albumin as a resuscitation fluid for patients with
sepsis: A systematic review and meta-analysis*

Anthony P. Delaney, MD, FCICM; Arina Dan, MD, FCICM; John McCaffrey, MD, FCICM; Simon Finfer, MD, FCICM

T he basic principles of manage-
ment for patients with sepsis
continue to be resuscitation,
antibiotic therapy, and source

control (1). The cornerstone of the resus-
citation is fluid therapy. Although there
is some evidence to guide clinicians in
their choice of resuscitation goals in this
patient group (2), albeit somewhat con-
troversial (3), there is little high quality
evidence to guide the choice of fluid (1).

The Surviving Sepsis Campaign guide-
lines recommend the use of either crystal-
loid or colloid for the early resuscitation of
patients with sepsis (1), a recommendation
that is based largely upon the results of the
saline vs. albumin fluid evaluation study,
which compared the effects of fluid resus-
citation with 4% human albumin or 0.9%
saline (4). While the overall results of the
saline vs. albumin fluid evaluation study
showed no difference in mortality in a
heterogeneous population of patients
who required resuscitation in the inten-
sive care unit (ICU), a prespecified sub-
group analysis of patients with severe
sepsis suggested the use of albumin
might be beneficial. However, there are
well-known problems with drawing con-
clusions based upon the results of sub-
group analyses (5, 6). Previous meta-
analyses that have examined the
effectiveness of albumin solutions for re-
suscitation have concentrated on criti-
cally ill patients and subgroups of pa-
tients with burns and hypoalbuminemia
(7–9). No previous systematic review has
focused on the use of albumin as a resus-
citation fluid for patients with sepsis.

Therefore we performed a systematic
review and meta-analysis to attempt to

address the following question: For pa-
tients with sepsis, is fluid resuscitation
with albumin-containing solutions, com-
pared with other fluids, associated with
lower mortality?

MATERIALS AND METHODS

Eligibility Criteria. We searched for ran-
domized controlled trials (RCTs) that com-
pared fluid resuscitation with albumin-
containing fluids to other fluid resuscitation
regimens. Eligible studies had to include hu-
man participants, with a definable population
with sepsis. We included studies in which the
population with sepsis was a subgroup within
a larger group of patients. Studies needed to
report mortality in the sepsis cohort to be
eligible for inclusion in the review.

Search Strategy. The primary electronic
search was conducted in MEDLINE, Em-
base, and the Cochrane Central Register of
Controlled Trials databases. We used medi-
cal subject heading and keyword searches
for sepsis or septicemia or the systemic in-
flammatory response syndrome, combined
with medical subject heading and keyword
searches for fluid therapy or resuscitation or
plasma substitute or albumins or serum al-
bumin along with appropriate filters for
RCTs (10, 11). There was no language re-
striction placed on the search. Each data-
base was searched from inception until April
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Objective: To assess whether resuscitation with albumin-con-
taining solutions, compared with other fluids, is associated with
lower mortality in patients with sepsis.

Data Sources: MEDLINE, Embase, and Cochrane Central
Register of Controlled Trials databases, the metaRegister
of Controlled Trials, and the Medical Editors Trial Amnesty
Register.

Study Selection: Prospective randomized clinical trials of fluid
resuscitation with albumin-containing solutions compared with
other fluid resuscitation regimens, which included a population or
subgroup of participants with sepsis, were included.

Data Extraction: Assessment of the validity of included stud-
ies and data extraction were conducted independently by two
authors.

Data Synthesis: For the primary analysis, the effect of albumin-
containing solutions on all-cause mortality was assessed by
using a fixed-effect meta-analysis.

Results: Seventeen studies that randomized 1977 participants
were included in the meta-analysis. There were eight studies that
included only patients with sepsis and nine where patients with
sepsis were a subgroup of the study population. There was no
evidence of heterogeneity, I2 ! 0%. The use of albumin for
resuscitation of patients with sepsis was associated with a re-
duction in mortality with the pooled estimate of the odds ratio of
0.82 (95% confidence limits 0.67–1.0, p ! .047).

Conclusions: In this meta-analysis, the use of albumin-con-
taining solutions for the resuscitation of patients with sepsis was
associated with lower mortality compared with other fluid resus-
citation regimens. Until the results of ongoing randomized con-
trolled trials are known, clinicians should consider the use of
albumin-containing solutions for the resuscitation of patients
with sepsis. (Crit Care Med 2011; 39:386–391)
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The role of albumin as a resuscitation fluid for patients with
sepsis: A systematic review and meta-analysis*

Anthony P. Delaney, MD, FCICM; Arina Dan, MD, FCICM; John McCaffrey, MD, FCICM; Simon Finfer, MD, FCICM

T he basic principles of manage-
ment for patients with sepsis
continue to be resuscitation,
antibiotic therapy, and source

control (1). The cornerstone of the resus-
citation is fluid therapy. Although there
is some evidence to guide clinicians in
their choice of resuscitation goals in this
patient group (2), albeit somewhat con-
troversial (3), there is little high quality
evidence to guide the choice of fluid (1).

The Surviving Sepsis Campaign guide-
lines recommend the use of either crystal-
loid or colloid for the early resuscitation of
patients with sepsis (1), a recommendation
that is based largely upon the results of the
saline vs. albumin fluid evaluation study,
which compared the effects of fluid resus-
citation with 4% human albumin or 0.9%
saline (4). While the overall results of the
saline vs. albumin fluid evaluation study
showed no difference in mortality in a
heterogeneous population of patients
who required resuscitation in the inten-
sive care unit (ICU), a prespecified sub-
group analysis of patients with severe
sepsis suggested the use of albumin
might be beneficial. However, there are
well-known problems with drawing con-
clusions based upon the results of sub-
group analyses (5, 6). Previous meta-
analyses that have examined the
effectiveness of albumin solutions for re-
suscitation have concentrated on criti-
cally ill patients and subgroups of pa-
tients with burns and hypoalbuminemia
(7–9). No previous systematic review has
focused on the use of albumin as a resus-
citation fluid for patients with sepsis.

Therefore we performed a systematic
review and meta-analysis to attempt to

address the following question: For pa-
tients with sepsis, is fluid resuscitation
with albumin-containing solutions, com-
pared with other fluids, associated with
lower mortality?

MATERIALS AND METHODS

Eligibility Criteria. We searched for ran-
domized controlled trials (RCTs) that com-
pared fluid resuscitation with albumin-
containing fluids to other fluid resuscitation
regimens. Eligible studies had to include hu-
man participants, with a definable population
with sepsis. We included studies in which the
population with sepsis was a subgroup within
a larger group of patients. Studies needed to
report mortality in the sepsis cohort to be
eligible for inclusion in the review.

Search Strategy. The primary electronic
search was conducted in MEDLINE, Em-
base, and the Cochrane Central Register of
Controlled Trials databases. We used medi-
cal subject heading and keyword searches
for sepsis or septicemia or the systemic in-
flammatory response syndrome, combined
with medical subject heading and keyword
searches for fluid therapy or resuscitation or
plasma substitute or albumins or serum al-
bumin along with appropriate filters for
RCTs (10, 11). There was no language re-
striction placed on the search. Each data-
base was searched from inception until April
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Objective: To assess whether resuscitation with albumin-con-
taining solutions, compared with other fluids, is associated with
lower mortality in patients with sepsis.

Data Sources: MEDLINE, Embase, and Cochrane Central
Register of Controlled Trials databases, the metaRegister
of Controlled Trials, and the Medical Editors Trial Amnesty
Register.

Study Selection: Prospective randomized clinical trials of fluid
resuscitation with albumin-containing solutions compared with
other fluid resuscitation regimens, which included a population or
subgroup of participants with sepsis, were included.

Data Extraction: Assessment of the validity of included stud-
ies and data extraction were conducted independently by two
authors.

Data Synthesis: For the primary analysis, the effect of albumin-
containing solutions on all-cause mortality was assessed by
using a fixed-effect meta-analysis.

Results: Seventeen studies that randomized 1977 participants
were included in the meta-analysis. There were eight studies that
included only patients with sepsis and nine where patients with
sepsis were a subgroup of the study population. There was no
evidence of heterogeneity, I2 ! 0%. The use of albumin for
resuscitation of patients with sepsis was associated with a re-
duction in mortality with the pooled estimate of the odds ratio of
0.82 (95% confidence limits 0.67–1.0, p ! .047).

Conclusions: In this meta-analysis, the use of albumin-con-
taining solutions for the resuscitation of patients with sepsis was
associated with lower mortality compared with other fluid resus-
citation regimens. Until the results of ongoing randomized con-
trolled trials are known, clinicians should consider the use of
albumin-containing solutions for the resuscitation of patients
with sepsis. (Crit Care Med 2011; 39:386–391)
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of albumin used to resuscitate children
with sepsis was 0.29 (95% confidence
limits 0.12– 0.72, p ! .008). In the adult
populations, there were 15 studies in-

cluding 1729 participants. The estimate
of the OR in the adult populations was
0.87 (95% confidence limits 0.71–1.07,
p ! .18. The p value for the interaction

test for population was 0.01. Table 3
summarizes the pooled estimate of the
effect of albumin on mortality com-
pared with each of the comparator fluid
in patients with sepsis.

To address the question of whether
there is evidence that the effect of al-
bumin is different in patients with and
without sepsis, a meta-analysis of p val-
ues was performed. Nine studies re-
ported a subgroup of participants with
sepsis. Meta-analysis of p values for
these nine studies gives an overall p !
.67, indicating no significant evidence
that the effect of albumin on mortality
is different in patients with sepsis com-
pared with the overall results of the
included studies.

DISCUSSION

We performed a systematic review and
meta-analysis to investigate the relation-
ship between the use of albumin-contain-
ing fluids as a resuscitation fluid and
mortality in septic patients. We found 17
trials including 1977 septic patients who

Figure 2. Forrest plot showing the pooled estimate of the effect of resuscitation with albumin-containing solutions on mortality for patients with sepsis.
OR, odds ratio; CI, confidence limit.

Table 2. Results of the validity appraisal of the included studies

Authors
Allocation

Concealment

Intention
to Treat
Analysis Blinding

Loss to
Follow-Up

Predefined
Sepsis

Subgroup

Number of
Subgroup

Pairs

Rackow et al (32) No Yes No No No 1
Metildi et al (31) No Yes No No No 7
Rackow et al (33) No Yes No No N/A 0
Boldt et al (20) No Yes No No Yes 1
Boldt et al (19) No Yes No No Yes 1
Boldt et al (21) No Yes No No Yes 1
Boldt et al (22) No Yes No No Yes 1
Boldt et al (23) No Yes No No N/A 0
Boldt et al (24) No Yes No No Yes 1
The SAFE study investigators (4) Yes Yes Yes No Yes 3
Veneman et al (35) Yes Yes No No N/A 0
Maitland et al (29) Yes Yes No No N/A 0
Maitland et al (30) Yes Yes No No N/A 0
Akech et al (26) No Yes No No N/A 0
Friedman et al (28) Yes Yes No No N/A 0
van der Heijden et al (34) Yes Yes No No Yes 1
Dolecek et al (27) No Yes No No N/A 0

N/A, not applicable.
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