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■■ ABSTRACT

During the last 5 years, new randomized trials in criti-
cally ill patients have challenged a number of traditional 
treatment strategies in intensive care. The authors review 
eight studies that helped change their medical practices.

■■ KEY POINTS

In patients with acute respiratory distress syndrome 
(ARDS), fluid restriction is associated with better out-
comes. A pulmonary arterial catheter is not indicated in 
the routine management of ARDS. Corticosteroid use can 
result in improved oxygenation but may be associated 
with worse outcomes if treatment is started late, ie, more 
than 14 days after the onset of the disease.

Intensive insulin therapy is associated with hypoglycemia 
and may be associated with complications in medical 
patients.

In patients with septic shock, corticosteroid therapy is 
associated with faster shock reversal, but its effects on 
mortality rates remain controversial. Vasopressin im-
proves hemodynamic variables but is not associated with 
a lower mortality rate.

Daily interruption of sedation and early awakening of me-
chanically ventilated patients result in better outcomes.

Compared with norepinephrine, dopamine is associated 
with more cardiac adverse events in patients with shock.
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W e have seen significant growth in clini-
cal research in critical care medicine in 

the last decade. Advances have been made in 
many important areas in this field; of these, 
advances in treating septic shock and acute re-
spiratory distress syndrome (ARDS), and also 
in supportive therapies for critically ill patients 
(eg, sedatives, insulin), have perhaps received 
the most attention.
 Of note, several once-established therapies 
in these areas have failed the test of time, as 
the result of evidence from more-recent clini-
cal trials. For example, recent studies have 
shown that a pulmonary arterial catheter does 
not improve outcomes in patients with ARDS. 
Similarly, what used to be “optimal” fluid man-
agement in patients with ARDS is no longer 
considered appropriate.
 In this review, we summarize eight major 
studies in critical care medicine published in 
the last 5 years, studies that have contributed 
to changes in our practice in the intensive care 
unit (ICU). 

 ■ FLUID MANAGEMENT IN ARDS

Key points
•	 In patients with acute lung injury (ALI) 

and ARDS, fluid restriction is associated 
with better outcomes than a liberal fluid 
policy.

•	 A pulmonary arterial catheter is not neces-
sary and, compared with a central venous 
catheter, may result in more complications 
in patients with ALI and ARDS.

REVIEW

doi:10.3949/ccjm.78a.10188

ALEJANDRO C. ARROLIGA, MD, FCCP
Chairman and Professor, Dr. A. Ford Wolf and Brooksie 
Nell Boyd Wolf Centennial Chair of Medicine, Depart-
ment of Internal Medicine, Scott & White Health Center, 
and Texas A&M Health Science Center College of 
Medicine, Temple, TX

EDUCATIONAL OBJECTIVE: Readers will assimilate major findings from recent studies in intensive care medicine
CREDIT
CME

 on July 21, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


666 CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 78  • NUMBER 10  OCTOBER 2011

INTENSIVE CARE UPDATE

Background
Fluid management practices in patients with 
ARDS have been extremely variable. Two 
different approaches are commonly used: the 
liberal or “wet” approach to optimize tissue 
perfusion and the “dry” approach, which fo-
cuses on reducing lung edema. Given that 
most deaths attributed to ARDS result from 
extrapulmonary organ failure, aggressive 
fluid restriction has been the less popular ap-
proach.
 Additionally, although earlier studies and 
meta-analyses suggested that the use of a pul-
monary arterial catheter was not associated 
with better outcomes in critically ill patients,1 
controversy remained regarding the value of a 
pulmonary arterial catheter compared with a 
central venous catheter in guiding fluid man-
agement in patients with ARDS, and data 
were insufficient to prove one strategy better 
than the other. 

The Fluids and Catheter Treatment Trial 
(FACTT) 

NATIONAL HEART, LUNg, AND BLOOD INsTITUTE ACUTE REspIRATORy 
DIsTREss syNDROME (ARDs) CLINICAL TRIALs NETwORk; wIEDEMANN Hp, 

wHEELER Ap, BERNARD gR, ET AL. COMpARIsON OF TwO  
FLUID-MANAgEMENT sTRATEgIEs IN ACUTE LUNg INJURy.  

N ENgL J MED 2006; 354:2564–2575.

NATIONAL HEART, LUNg, AND BLOOD INsTITUTE ACUTE REspIRATORy 
DIsTREss syNDROME (ARDs) CLINICAL TRIALs NETwORk; wHEELER Ap, 

BERNARD gR, THOMpsON BT, ET AL. pULMONARy-ARTERy VERsUs CENTRAL 
VENOUs CATHETER TO gUIDE TREATMENT OF ACUTE LUNg INJURy.  

N ENgL J MED 2006; 354:2213–2224.

The Fluids and Catheter Treatment Trial 
(FACTT) compared two fluid strategies2 and 
also the utility of a pulmonary arterial cath-
eter vs a central venous catheter3 in patients 
with ALI or ARDS.
 This two-by-two factorial trial randomized 
1,000 patients to be treated according to ei-
ther a conservative (fluid-restrictive or “dry”) 
or a liberal (“wet”) fluid management strategy 
for 7 days. Additionally, they were randomly 
assigned to receive either a central venous 
catheter or a pulmonary arterial catheter. The 
trial thus had four treatment groups:
•	 Fluid-restricted and a central venous cath-

eter, with a goal of keeping the central ve-
nous pressure below 4 mm Hg

•	 Fluid-restricted and a pulmonary arterial 
catheter: fluids were restricted and diuret-
ics were given to keep the pulmonary ar-
tery occlusion pressure below 8 mm Hg

•	 Fluid-liberal and a central venous cath-
eter: fluids were given to keep the central 
venous pressure between 10 and 14 mm Hg

•	 Fluid-liberal and a pulmonary arterial 
catheter: fluids were given to keep the pul-
monary artery occlusion pressure between 
14 and 18 mm Hg.

 The primary end point was the mortality 
rate at 60 days. Secondary end points included 
the number of ventilator-free days and organ-
failure-free days and parameters of lung physi-
ology. All patients were managed with a low- 
tidal-volume strategy.

The ‘dry’ strategy was better
The cumulative fluid balance was –136 mL ± 
491 mL in the “dry” group and 6,992 mL ± 502 
mL in the “wet” group, a difference of more 
than 7 L (P < .0001). Of note, before random-
ization, the patients were already fluid-positive, 
with a mean total fluid balance of +2,700 mL).2
 At 60 days, no statistically significant dif-
ference in mortality rate was seen between the 
fluid-management groups (25.5% in the dry 
group vs 28.4% in the wet group (P = .30). 
Nevertheless, patients in the dry group had 
better oxygenation indices and lung injury 
scores (including lower plateau airway pres-
sure), resulting in more ventilator-free days 
(14.6 ± 0.5 vs 12.1 ± 0.5; P = .0002) and ICU-
free days (13.4 ± 0.4 vs 11.2 ± 0.4; P = .0003).2

 Although those in the dry-strategy group 
had a slightly lower cardiac index and mean 
arterial pressure, they did not have a higher 
incidence of shock. 
 More importantly, the dry group did not 
have a higher rate of nonpulmonary organ 
failure. Serum creatinine and blood urea ni-
trogen concentrations were slightly higher in 
this group, but this was not associated with a 
higher incidence of renal failure or the use of 
dialysis: 10% in the dry-strategy group vs 14% 
in the wet-strategy group; P = .0642).2

No advantage with a pulmonary arterial 
catheter
The mortality rate did not differ between the 
catheter groups. However, the patients who 
received a pulmonary arterial catheter stayed 
in the ICU 0.2 days longer and had twice as 
many nonfatal cardiac arrhythmias as those 
who received a central venous catheter.3

What used to be  
‘optimal’ fluid  
management  
in ARDS is  
no longer  
considered 
appropriate
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Comments
The liberal fluid-strategy group had fluid bal-
ances similar to those seen in previous Na-
tional Institutes of Health ARDS Network 
trials in which fluid management was not 
controlled. This suggests that the liberal fluid 
strategy reflects usual clinical practice. 
 Although the goals used in this study (cen-
tral venous pressure < 4 mm Hg or pulmonary 
artery occlusion pressure < 8 mm Hg) could be 
difficult to achieve in clinical practice, a con-
servative strategy of fluid management is pre-
ferred in patients with ALI or ARDS, given 
the benefits observed in this trial. 
 A pulmonary arterial catheter is not indi-
cated to guide hemodynamic management of 
patients with ARDS.

 ■ CORTICOSTEROID USE IN ARDS

Key points
•	 In selected patients with ARDS, the pro-

longed use of corticosteroids may result in 
better oxygenation and a shorter duration 
of mechanical ventilation.

•	 Late use of corticosteroids in patients with 
ARDS (> 14 days after diagnosis) is not in-
dicated and may increase the risk of death.

•	 The role of corticosteroids in early ARDS 
(< 7 days after diagnosis) remains contro-
versial.

Background
Systemic corticosteroid therapy was com-
monly used in ARDS patients in the 1970s 
and 1980s. However, a single-center study 
published in the late 1980s showed that a 
corticosteroid in high doses (methylpred-
nisolone 30 mg/kg) resulted in more compli-
cations and was not associated with a lower 
mortality rate.4 On the other hand, a small 
study that included only patients with per-
sistent ARDS (defined as ARDS lasting for 
more than 7 days) subsequently showed that 
oxygenation was significantly better and that 
fewer patients died while in the hospital with 
the use of methylprednisolone 2 mg/kg for 32 
days.5 
 In view of these divergent findings, the 
ARDS Network decided to perform a study to 
help understand the role of corticosteroids in 
ARDS.

The Late Steroid Rescue Study (LaSRS) 
sTEINBERg kp, HUDsON LD, gOODMAN RB, ET AL; NATIONAL HEART, LUNg, 

AND BLOOD INsTITUTE ACUTE REspIRATORy DIsTREss syNDROME (ARDs) 
CLINICAL TRIALs NETwORk. EFFICACy AND sAFETy OF CORTICOsTEROIDs 
FOR pERsIsTENT ACUTE REspIRATORy DIsTREss syNDROME. N ENgL J MED 

2006; 354:1671–1684.

The Late Steroid Rescue Study (LaSRS),6 a 
double-blind, multicenter trial, randomly as-
signed 180 patients with persistent ARDS 
(defined as ongoing disease 7–28 days after its 
onset) to receive methylprednisolone or pla-
cebo for 21 days.
 Methylprednisolone was given in an initial 
dose of 2 mg/kg of predicted body weight fol-
lowed by a dose of 0.5 mg/kg every 6 hours for 
14 days and then a dose of 0.5 mg/kg every 
12 hours for 7 days, and then it was tapered 
over 2 to 4 days and discontinued. It could 
be discontinued if 21 days of treatment were 
completed or if the patient was able to breathe 
without assistance. 
 The primary end point was the mortality 
rate at 60 days. Secondary end points included 
the number of ventilator-free days, organ-fail-
ure-free days, and complications and the lev-
els of biomarkers of inflammation.

No reduction in mortality rates 
with steroids
The mortality rates did not differ significant-
ly in the corticosteroid group vs the placebo 
group at 60 days:
•	 29.2% with methylprednisolone (95% 

confidence interval [CI] 20.8–39.4)
•	 28.6% with placebo (95% CI 20.3–38.6, P 

= 1.0).
Mortality rates at 180 days were also similar 
between the groups:
•	 31.5% with methylprednisolone (95% CI 

22.8–41.7)
•	 31.9% with placebo (95% CI 23.2–42.0, P 

= 1.0). 
 In patients randomized between 7 and 13 
days after the onset of ARDS, the mortality 
rates were lower in the methylprednisolone 
group than in the placebo group but the dif-
ferences were not statistically significant. The 
mortality rate in this subgroup was 27% vs 
36% (P = .26) at 60 days and was 27% vs 39% 
(P = .14) at 180 days. 
 However, in patients randomized more 
than 14 days after the onset of ARDS, the 
mortality rate was significantly higher in the 

The ‘dry’ 
strategy in 
ARDS and ALI 
was not 
associated  
with a higher 
rate of   
nonpulmonary  
organ failure
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methylprednisolone group than in the place-
bo group at 60 days (35% vs 8%, P = .02) and 
at 180 days (44% vs 12%, P = .01). 

Some benefit in secondary outcomes
At day 28, methylprednisolone was associated 
with:
•	 More ventilator-free days (11.2 ± 9.4 vs 

6.8 ± 8.5, P < .001)
•	 More shock-free days (20.7 ± 8.9 vs 17.9 ± 

10.2, P = .04)
•	 More ICU-free days (8.9 ± 8.2 vs 6.7 ± 7.8, 

P = .02).
Similarly, pulmonary physiologic indices were 
better with methylprednisolone, specifically:
•	 The ratio of Pao2 to the fraction of inspired oxy-

gen at days 3, 4, and 14 (P < .05)

•	 Plateau pressure at days 4, 5, and 7 (P < .05)
•	 Static compliance at days 7 and 14 (P < .05). 
 In terms of side effects, methylprednisolone 
was associated with more events associated with 
myopathy or neuropathy (9 vs 0, P = .001), but 
there were no differences in the number of seri-
ous infections or in glycemic control.

Comments
Although other recent studies suggested that 
corticosteroid use may be associated with a re-
duction in mortality rates,7–9 LaSRS did not 
confirm this effect. Although the doses and 
length of therapy were similar in these studies, 
LaSRS was much larger and included patients 
from the ARDS Network. 
 Nevertheless, LaSRS was criticized be-

TABLE 1

Recent studies evaluating corticosteroid use in ARDS

AUTHORS  YEAR 
 

NO. OF 
PATIENTS

TREATMENT STRATEGY OUTCOMES COMMENTS 

ARDS Network 
(LaSRS)6

2006 180 Methylprednisolone  
2 mg/kg loading dose,  
then 0.5 mg/kg every 6 hours 
for 14 days,  
then 0.5 mg/kg every 12 
hours for 7 days,  
then tapered over 2–4 days, 
or placebo

Unchanged mortality rate 
at ICU discharge and at 
60 days, but an increased 
mortality rate in patients 
enrolled late (> 14 days) 
after onset of ARDS

Prospective, randomized; 
large number of exclusion 
criteria (enrolled only 5% 
of eligible patients)

Quick taper of methyl-
prednisolone may have 
affected results

Bernard et al4 1987 99  Methylprednisolone  
30 mg/kg every 6 hours for 
24 hours or placebo

No change in mortality rate Early and late ARDS; 30% 
of patients had diagnosis 
of septic shock

Meduri et al5 1998 24  Methylprednisolone  
2 mg/kg/day for 32 days  
or placebo

Lower mortality rate  
(0% vs 62%), as well as 
hospital mortality rate  
and oxygenation scores

Patient were allowed to 
cross groups if no im-
provement after 10 days

Annane et al9 2006 177  Hydrocortisone 50 mg  
every 6 hours for 7 days  
or placebo

More days alive and off  
the ventilator among non-
responders to the  
ACTH stimulation test

Retrospective study (post 
hoc analysis)

Included patients with 
early ARDS only

Meduri et al7 2007 91  Patients were randomized in 
a 2:1 ratio to receive  
methylprednisolone  
1 mg/kg/day or placebo

Treatment associated with 
fewer ventilator days, 
shorter ICU stay, and lower 
ICU mortality rate  (20.6% 
vs 42.9%, P =.03).

Included patients with 
early severe ARDS only

ARDS = acute respiratory distress syndrome; LaSRS = Late Steroid Rescue Study; ICU = intensive care unit
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cause of strict exclusion criteria and poor en-
rollment (only 5% of eligible patients were 
included). Additionally, it was conducted 
over a period of time when some ICU prac-
tices varied significantly (eg, low vs high tid-
al volume ventilation, tight vs loose glucose 
control). 
 The role of corticosteroids in early ARDS 
(< 7 days after diagnosis) remains controver-
sial at best. TABLE 1 summarizes recent studies 
that evaluated the use of corticosteroids in pa-
tients with ARDS.

 ■ INTERRUPTING SEDATION  
DURING MECHANICAL VENTILATION

Key points
•	 Daily awakening of mechanically venti-

lated patients is safe.
•	 Daily interruption of sedation in mechani-

cally ventilated patients is associated with 
a shorter length of mechanical ventilation.

Background
Sedatives are a central component of critical 
care. Continuous infusions of narcotics, ben-
zodiazepines, and anesthetic agents are fre-
quently used to promote comfort in patients 
receiving mechanical ventilation.
 Despite its widespread use in the ICU, 
there is little evidence that such sedation im-
proves outcomes. Observational and random-
ized trials10–12 have shown that patients who 
receive continuous infusions of sedatives need 
to be on mechanical ventilation longer than 
those who receive intermittent dosing. Ad-
ditionally, an earlier randomized controlled 
trial13 showed that daily interruption of seda-
tive drug infusions decreased the duration of 
mechanical ventilation by almost 50% and 
resulted in a reduction in the length of stay in 
the ICU. 
 Despite these findings, many ICU physi-
cians remain skeptical of the value of daily in-
terruption of sedative medications and ques-
tion the safety of this practice.

The Awakening and Breathing Controlled 
(ABC) trial 
gIRARD TD, kREss Jp, FUCHs BD, ET AL. EFFICACy AND sAFETy OF A pAIRED sE-
DATION AND VENTILATOR wEANINg pROTOCOL FOR MECHANICALLy VENTILAT-

ED pATIENTs IN INTENsIVE CARE (AwAkENINg AND BREATHINg CONTROLLED 
TRIAL): A RANDOMIsED CONTROLLED TRIAL. LANCET 2008; 371:126–134.

The Awakening and Breathing Controlled 
(ABC) trial14 was a multicenter, randomized 
controlled trial that included 336 patients 
who required at least 12 consecutive hours of 
mechanical ventilation. All patients had to be 
receiving patient-targeted sedation. 
 Those in the intervention group (n = 168) 
had their sedation interrupted every day, fol-
lowed by a clinical assessment to determine 
whether they could be allowed to try breath-
ing spontaneously. The control group (n = 
168) also received a clinical assessment for a 
trial of spontaneous breathing, while their se-
dation was continued as usual. 
 In patients in the intervention group who 
failed the screening for a spontaneous breath-
ing trial, the sedatives were resumed at half 
the previous dose. Criteria for failure on the 
spontaneous breathing trial included any of 
the following: anxiety, agitation, respiratory 
rate more than 35 breaths per minute for 5 
minutes or longer, cardiac arrhythmia, oxy-
gen saturation less than 88% for 5 minutes 
or longer, or two or more signs of respiratory 
distress, tachycardia, bradycardia, paradoxical 
breathing, accessory muscle use, diaphoresis, 
or marked dyspnea. 

Interrupting sedation was superior
The combination of sedation interruption and 
a spontaneous breathing trial was superior to a 
spontaneous breathing trial alone. The mean 
number of ventilator-free days:
•	 14.7 ± 0.9 with sedation interruption
•	 11.6 ± 0.9 days with usual care (P = .02).
The median time to ICU discharge:
•	 9.1 days with sedation interruption (inter-

quartile range 5.1 to 17.8) 
•	 12.9 days with usual care (interquartile 

range 6.0 to 24.2, P = .01).
The mortality rate at 28 days:
•	 28% with sedation interruption
•	 35% with usual care (P = .21).
The mortality rate at 1 year: 
•	 44% with sedation interruption
•	 58% with usual care (hazard ratio [HR] in 

the intervention group 0.68, 95% CI 0.50–
0.92, P = .01). 

 Of note, patients in the intervention group 
had a higher rate of self-extubation (9.6% vs 3.6%, 
P = .03), but the rate of reintubation was similar 
between the groups (14% vs 13%, P = .47).

A pulmonary  
arterial  
catheter  
is not indicated  
to guide  
hemodynamic  
management  
of patients  
with ARDS
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The role of  
corticosteroids  
in early ARDS  
is controversial,  
and the 
mortality  
rate is higher 
with  
corticosteroids  
if they are  
started late

Comments
The addition of daily awakenings to spontane-
ous breathing trials results in a further reduc-
tion in the number of ICU days and increases 
the number of ventilator-free days. 
 Of note, the protocol allowed patients in 
the control group to undergo a spontaneous 
breathing trial while on sedatives (69% of the 
patients were receiving sedation at the time). 
Therefore, a bias effect in favor of the inter-
vention group cannot be excluded. However, 
both groups had to meet criteria for readiness 
for spontaneous breathing. 
 The study demonstrates the safety of daily 
awakenings and confirms previous findings 
suggesting that a daily trial of spontaneous 
breathing results in better ICU outcomes.

 ■ GLUCOSE CONTROL IN THE ICU

Key points
•	 Although earlier studies suggested that in-

tensive insulin therapy might be beneficial 
in critically ill patients, new findings show 
that strict glucose control can lead to com-
plications without improving outcomes.

Background
A previous study15 found that intensive insu-
lin therapy to maintain a blood glucose level 
between 80 and 110 mg/dL (compared with 
180–200 mg/dL) reduced the mortality rate 
in surgical critical care patients. The mortal-
ity rate in the ICU was 4.6% with intensive 
insulin therapy vs 8.0% with conventional 
therapy (P < .04), and the effect was more ro-
bust for patients who remained longer than 5 
days in the ICU (10.6% vs 20.2%). 
 Importantly, however, hypoglycemia (de-
fined as blood glucose ≤ 40 mg/dL) occurred in 
39 patients in the intensive-treatment group vs 6 
patients in the conventional-treatment group.

The NICE-SUGAR trial
NICE-sUgAR sTUDy INVEsTIgATORs; FINFER s, CHITTOCk DR, sU sy, ET AL. 

INTENsIVE VERsUs CONVENTIONAL gLUCOsE CONTROL IN CRITICALLy ILL 
pATIENTs. N ENgL J MED 2009; 360:1283–1297.

The Normoglycemia in Intensive Care Evalu-
ation-Survival Using Glucose Algorithm Reg-
ulation (NICE-SUGAR) trial16 randomized 
6,104 patients in medical and surgical ICUs to 
receive either intensive glucose control (blood 

glucose 81–108 mg/dL) with insulin therapy or 
conventional glucose control (blood glucose 
< 180 mg/dL). In the conventional-control 
group, insulin was discontinued if the blood 
glucose level dropped below 144 mg/dL.

A higher mortality rate  
with intensive glucose control
As expected, the intensive-control group 
achieved lower blood glucose levels: 115 vs 
144 mg/dL. 
 Nevertheless, intensive glucose control 
was associated with a higher incidence of se-
vere hypoglycemia, defined as a blood glucose 
level lower than 40 mg/dL: 6.8% vs 0.5%. 
 More importantly, compared with conven-
tional insulin therapy, intensive glucose con-
trol was associated with a higher 90-day mor-
tality rate: 27.5% vs 24.9% (odds ratio 1.14, 
95% CI 1.02–1.28). These findings were simi-
lar in the subgroup of surgical patients (24.4% 
vs 19.8%, odds ratio 1.31, 95% CI 1.07–1.61).

Comments
Of note, the conventional-control group had 
more patients who discontinued the treatment 
protocol prematurely. Additionally, more pa-
tients in this group received corticosteroids. 
 These results widely differ from those of 
a previous study by van den Berghe et al,15 
which showed that tight glycemic control is 
associated with a survival benefit. The differ-
ences in outcomes are probably largely related 
to different patient populations, as van den 
Berghe et al included patients who had under-
gone cardiac surgery, who were more likely to 
benefit from strict blood glucose control.

The VISEP trial
BRUNkHORsT FM, ENgEL C, BLOOs F, ET AL; gERMAN COMpETENCE 

NETwORk sEpsIs (sEpNET). INTENsIVE INsULIN THERApy AND pENTAsTARCH 
REsUsCITATION IN sEVERE sEpsIs. N ENgL J MED 2008; 358:125–139.

The Volume Substitution and Insulin Thera-
py in Severe Sepsis (VISEP) trial was a mul-
ticenter study designed to compare intensive 
insulin therapy (target blood glucose level 80–
110 mg/dL) and conventional glucose control 
(target blood glucose level 180–200 mg/dL) in 
patients with severe sepsis.17 It also compared 
two fluids for volume resuscitation: 10% pen-
tastarch vs modified Ringer's lactate. It includ-
ed both medical and surgical patients.
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Trial halted early for safety reasons
The mean morning blood glucose level was 
significantly lower in the intensive insulin 
group (112 vs 151 mg/dL). 
 Severe hypoglycemia (blood glucose ≤ 40 
mg/dL) was more common in the group that 
received intensive insulin therapy (17% vs 
4.1%, P < .001). 
 Mortality rates at 28 days did not differ 
significantly: 24.7% with intensive control 
vs 26.0% with conventional glucose control. 
The mortality rate at 90 days was 39.7% in 
the intensive therapy group and 35.4% in the 
conventional therapy group, but the differ-
ence was not statistically significant.
 The intensive insulin arm of the trial was 
stopped after 488 patients were enrolled be-
cause of a higher rate of hypoglycemia (12.1% 
vs 2.1%) and of serious adverse events (10.9% 
vs 5.2%). 
 Additionally, the fluid resuscitation arm of 
the study was suspended at the first planned 
interim analysis because of a higher risk of or-
gan failure in the 10% pentastarch group.

 ■ CORTICOSTEROID THERAPY  
IN SEPTIC SHOCK

Key points
•	 Corticosteroid therapy improves hemody-

namic outcomes in patients with severe 
septic shock. 

•	 Although meta-analyses suggest the mor-
tality rate is lower with corticosteroid 
therapy, there is not enough evidence from 
randomized controlled trials to prove that 
the use of low-dose corticosteroids lowers 
the mortality rate in patients with septic 
shock.

•	 The corticotropin (ACTH) stimulation 
test should not be used to determine the 
need for corticosteroids in patients with 
septic shock.

Background
A previous multicenter study,18 performed in 
France, found that the use of corticosteroids 
in patients with septic shock resulted in lower 
rates of death at 28 days, in the ICU, and in 
the hospital and a shorter time to vasopres-
sor withdrawal. Nevertheless, the beneficial 
effects were not observed in patients with ad-

equate adrenal reserve (based on an ACTH 
stimulation test). 
 This study was criticized because of a high 
mortality rate in the placebo group.

The CORTICUS study
spRUNg CL, ANNANE D, kEH D, ET AL; CORTICUs sTUDy gROUp.  
HyDROCORTIsONE THERApy FOR pATIENTs wITH sEpTIC sHOCk.  

N ENgL J MED 2008; 358:111–124.

The Corticosteroid Therapy of Septic Shock 
(CORTICUS) study was a multicenter trial 
that randomly assigned 499 patients with sep-
tic shock to receive hydrocortisone (50 mg in-
travenously every 6 hours for 5 days, followed 
by a 6-day taper period) or placebo.19 
 Patients were eligible to be enrolled within 
72 hours of onset of shock. Similar to previ-
ous studies, the CORTICUS trial classified 
patients on the basis of an ACTH stimulation 
test as having inadequate adrenal reserve (a 
cortisol increase of ≤ 9 μg/dL) or adequate ad-
renal reserve (a cortisol increase of > 9 μg/dL).

Faster reversal of shock with steroids
At baseline, the mean Simplified Acute Phys-
iologic Score II (SAPS II) was 49 (the range 
of possible scores is 0 to 163; the higher the 
score the worse the organ dysfunction). 
 Hydrocortisone use resulted in a shorter 
duration of vasopressor use and a faster rever-
sal of shock (3.3 days vs 5.8 days, P < .001). 
 This association was the same when pa-
tients were divided according to response to 
ACTH stimulation test. Time to reversal of 
shock in responders: 
•	 2.8 days with hydrocortisone 
•	 5.8 days with placebo (P < .001).
Time to reversal of shock in nonresponders: 
•	 3.9 days with hydrocortisone 
•	 6.0 days with placebo (P = .06).
 Nevertheless, the treatment did not re-
duce the mortality rate at 28 days overall 
(34.3% vs 31.5% P = .51), or in the subgroups 
based on response to ACTH, or at any other 
time point. A post hoc analysis suggested 
that patients who had a systolic blood pres-
sure of less than 90 mm Hg within 30 minutes 
of enrollment had a greater benefit in terms 
of mortality rate, but the effect was not sta-
tistically significant: the absolute difference 
was –11.2% (P = 0.28). Similarly, post hoc 
analyses also revealed a higher rate of death 
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at 28 days in patients who received etomi-
date (Amidate) before randomization in both 
groups (P = .03).
 Importantly, patients who received corti-
costeroids had a higher incidence of superin-
fections, including new episodes of sepsis or 
septic shock, with a combined odds ratio of 
1.37 (95% CI 1.05–1.79). 
 Length of stay in the hospital or in the ICU 
was similar in patients who received cortico-
steroids and in those who received placebo. 
The ICU length of stay was 19 ± 31 days with 
hydrocortisone vs 18 ± 17 days with placebo 
(P = .51). 

Comments
The CORTICUS trial showed that low-dose 
corticosteroid therapy results in faster reversal 
of shock in patients with severe septic shock. 
The hemodynamic benefits are present in all 
patients regardless of response to the ACTH 
stimulation test. 
 Nevertheless, contrary to previous findings,18 
corticosteroid use was not associated with an im-
provement in mortality rates. Important differ-
ences exist between these two studies:
•	 The mortality rates in the placebo groups 

were significantly different (> 50% in the 
French study vs 30% in CORTICUS).

•	 The SAPS II scores were different in these 
two trials (55 vs 49), suggesting a greater 
severity of illness in the French study.

•	 The criteria for enrollment were different: 
the French study included patients who 
had a systolic blood pressure lower than 
90 mm Hg for more than 1 hour despite 
fluid administration and vasopressor use, 
whereas the CORTICUS trial included 
patients who had a systolic blood pressure 
lower than 90 mm Hg for more than 1 
hour despite fluid administration or vaso-
pressor use.

•	 The time of enrollment was different: pa-
tients were enrolled much faster in the 
French study (within 8 hours) than in the 
CORTICUS trial (within 72 hours).

 A recent meta-analysis of 17 randomized 
trials (including the CORTICUS study), 
found that, compared with those who received 
placebo, patients who received corticosteroids 
had a small reduction in the 28-day mortality 
rate (HR 0.84, 95% CI 0.71–1.00, P < .05).20 

Of note, this meta-analysis has been criticized 
for possible publication bias and also for a 
large degree of heterogeneity in its results.21

 ■ VASOPRESSOR THERAPY IN SHOCK

Key points
•	 Vasopressin use in patients with severe 

septic shock is not associated with an im-
provement in mortality rates.

•	 Vasopressin should not be used as a first-
line agent in patients with septic shock.

•	 Norepinephrine should be considered a 
first-line agent in patients with shock.

•	 Compared with norepinephrine, the use of 
dopamine in patients with shock is associ-
ated with similar mortality rates, although 
its use may result in a greater number of 
cardiac adverse events.

Background
Vasopressin gained popularity in critical care 
in the last 10 years because several small stud-
ies showed that adding it improves hemody-
namics and results in a reduction in the doses 
of catecholamines in patients with refractory 
septic shock.22 Furthermore, the Surviving 
Sepsis Campaign guidelines recommended 
the use of vasopressin in patients who have re-
fractory shock despite fluid resuscitation and 
the use of other “conventional” vasopressors.23

 Despite these positive findings, it remained 
unknown if the use of vasopressin increases 
the survival rate in patients with septic shock.

The Vasopressin and Septic Shock Trial 
(VASST)
RUssELL JA, wALLEy kR, sINgER J, ET AL; VAssT INVEsTIgATORs. VAsOpREs-

sIN VERsUs NOREpINEpHRINE INFUsION IN pATIENTs wITH sEpTIC sHOCk.  
N ENgL J MED 2008; 358:877–887.

The Vasopressin and Septic Shock Trial 
(VASST)24 was a multicenter randomized, 
double-blind, controlled trial that included 
778 patients with refractory septic shock. Re-
fractory shock was defined as the lack of a re-
sponse to a normal saline fluid bolus of 500 mL 
or the need for vasopressors (norepinephrine 
in doses of at least 5 μg/minute or its equiva-
lent for 6 hours or more in the 24 hours before 
randomization). 
 Two subgroups were identified: those with 
severe septic shock (requiring norepineph-
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rine in doses of 15 μg/minute or higher) and 
those with less-severe septic shock (needing 
norepinephrine in doses of 5 to 14 μg/min-
ute). Patients with unstable coronary artery 
disease (acute myocardial infarction, angina) 
and severe congestive heart failure were ex-
cluded.
 Patients were randomized to receive an in-
travenous infusion of vasopressin (0.01– 0.03 
U/minute) or norepinephrine (5–15 mg/min-
ute) in addition to open-labeled vasopressors 
(excluding vasopressin). The primary outcome 
was the all-cause mortality rate at 28 days.

Results 
At 28 days, fewer patients had died in the va-
sopressin group than in the norepinephrine 
group (35.4% vs 39.3%), but the difference 
was not statistically significant (P = .26). The 
trend was the same at 90 days (mortality rate 
43.9% vs 49.6%, P = .11). 
 Subgroup analysis showed that in patients 
with less-severe septic shock, those who re-
ceived vasopressin had a lower mortality rate 
at 28 days (26.5% vs 35.7%, P = .05; relative 
risk 0.74; 95% CI 0.55–1.01) and at 90 days 
(35.8% vs 46.1%, P = .04; relative risk 0.78, 
95% CI 0.61–0.99). 
 There were no statistically significant dif-
ferences in any of the other secondary out-
comes or in serious adverse events.

Comments
The study has been criticized for several rea-
sons: 
•	 The mean arterial blood pressure at base-

line before initiation of vasopressin was 72 
mm Hg (and some argue that vasopressin 
was therefore not needed by the time it 
was started).

•	 The time from screening to infusion of the 
study drug was very long (12 hours).

•	 The observed mortality rate was lower 
than expected (37%). 

 Despite these considerations, the VASST 
trial showed that vasopressin is not associated 
with an increased number of adverse events in 
patients without active cardiovascular disease. 
The possible benefit in terms of the mortal-
ity rate in the subgroup of patients with less-
severe septic shock requires further investiga-
tion.

Is dopamine equivalent to norepinephrine?
Previously, the Sepsis Occurrence in Acutely 
Ill Patients (SOAP) study, a multicenter, ob-
servational cohort study, found that dopamine 
use was associated with a higher all-cause mor-
tality rate in the ICU compared with no dopa-
mine.25 This finding had not been reproduced, 
as few well-designed studies had compared the 
effects of dopamine and norepinephrine.

The SOAP II study
DE BACkER D, BIsTON p, DEVRIENDT J, ET AL; sOAp II INVEsTIgATORs.. 

COMpARIsON OF DOpAMINE AND NOREpINEpHRINE IN THE TREATMENT OF 
sHOCk. N ENgL J MED 2010; 362:779–789.

The SOAP II study,26 a multicenter, random-
ized trial, compared dopamine vs norepi-
nephrine as first-line vasopressor therapy. In 
patients with refractory shock despite use of 
dopamine 20 μg/kg/minute or norepinephrine 
0.19 μg/kg/minute, open-label norepineph-
rine, epinephrine, or vasopressin was added. 
 The primary outcome was the mortality 
rate at 28 days after randomization; secondary 
end points included the number of days with-
out need for organ support and the occurrence 
of adverse events.

Results
A total of 1,679 patients were included; 858 
were assigned to dopamine and 821 to norepi-
nephrine. Most (1,044, 62%) of the patients 
had a diagnosis of septic shock. 
 No significant difference in mortality rates 
was noted at 28 days: 52.5% with dopamine vs 
48.5% with norepinephrine (P = .10). 
 However, there were more arrhythmias 
in the patients treated with dopamine: 207 
events (24.1%) vs 102 events (12.4%) (P < 
.001). The number of other adverse events 
such as renal failure, myocardial infarction, 
arterial occlusion, or skin necrosis was not dif-
ferent between the groups. 
 A subgroup analysis showed that dopamine 
was associated with more deaths at 28 days in 
patients with cardiogenic shock (P = .03) but 
not in patients with septic shock (P = .19) or 
with hypovolemic shock (P = .84).

Comments
The study was criticized because the patients 
may not have received adequate fluid resusci-
tation (the study considered adequate resusci-
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tation to be equivalent to 1 L of crystalloids 
or 500 mL of colloids), as different degrees of 
volume depletion among patients make direct 
comparisons of vasopressor effects difficult. 
 Additionally, the study defined dopamine 
20 μg/kg/minute as being equipotent with nor-
epinephrine 0.19 μg/kg/minute. Comparisons 
of potency between drugs are difficult to estab-

lish, as there are no available data. 
 Nevertheless, this study further confirms 
previous findings suggesting that norepineph-
rine is not associated with more end-organ 
damage (such as renal failure or skin ischemia), 
and shows that dopamine may increase the 
number of adverse events, particularly in pa-
tients with cardiac disease.	 ■
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