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ICUs make an enormous contribution to public health by 
treating patients with immediately life threatening but 
potentially reversible critical illness. The management 

of critically ill patients rests on three pillars: rapid, accurate 
diagnosis and treatment of the underlying cause of critical ill-
ness; the support of failed organ systems; and interventions 
designed to prevent the complications of critical illness and its 
treatments. A cardinal feature of the management of all criti-
cally ill patients is treatment complexity, which arises from the 
simultaneous provision of multiple component therapies.

For patients, their families, and the payers of healthcare a 
vitally important question is “what is the strength of evidence 
that guides clinical practice in the ICU?” Many of the key 
components of the pillars of ICU treatment—ventilation for 
respiratory failure, dialysis for renal failure, vasoactive medica-
tions for shock, and antibiotics for infection—have never been 
evaluated in randomized controlled trials (RCTs) conducted 
with a no intervention control group. This is not, in anyway, 
problematic—such interventions are the equivalent of para-
chutes, and it is not necessary to conduct RCTs to determine 
the effectiveness of parachutes (1). However, to conclude that 
all interventions that are administered in ICU are parachutes 
would not be correct. An almost overwhelming number of 
research questions arise from the complexity associated with 
the treatment of critical illness. Is a particular intervention 
better than nothing? Is a particular intervention better than 
the alternatives that act on the same mechanism of disease? 
What dose of a treatment is optimal? Should dose be titrated 
against physiologic effect and, if so, to what target (2)? How 
might this target vary systematically among different catego-
ries of patient? When should a particular treatment be com-
menced—early mandatory versus late, if needed? Is the effect 
of a particular treatment influenced by its interaction with 
other treatments? Are the answers to these questions different 

in definable subgroups of patients? All of these questions apply 
to many of the treatment provided to patients in the ICU.

Given the almost unlimited number of research questions, 
what is the strength of evidence that guides clinical practice in 
the ICU? An article by Landoni et al (3) published in this issue 
of Critical Care Medicine provides a useful baseline to evalu-
ate this question (3). The major conclusions of this article are 
challenging. First, very few interventions that are available for 
use in the ICU have been evaluated in high-quality clinical tri-
als. Second, single-center RCTs are vitally important, but their 
results should always be regarded as hypothesis generating, not 
practice changing. This is because there is now a strong record 
of single-center RCTs that report results that are divergent to 
those reported by subsequent multicenter studies with high 
methodological quality (4–7). Third, RCTs often show diver-
gence between changes in physiological endpoints that would 
have been expected to predict benefit and the outcomes that 
are actually relevant to patients, such as mortality and dis-
ability (4, 8–13). Fourth, high-quality multicenter RCTs more 
often report unexpected harm rather than anticipated and 
expected benefit (4, 8–13). Finally, the translation of the results 
of research into practice and the interpretation of trial results 
is highly variable (3).

The most sobering of these conclusions is that trials con-
ducted in critically ill patients have results that cause surprise. 
The most important message is clinicians should not adopt 
new treatments until the results are available from RCTs that 
have adequate power to detect plausible changes in patient-
centered outcomes—mortality or disability or both. There are 
now sufficient examples of divergence between physiologic 
surrogate endpoints and the true impact of a treatment that 
it is not reasonable to rely on surrogate endpoints to infer the 
value of an intervention (4, 8–13). Given the complexity of 
treatment and that so ICU few treatments have been evaluated 
in well-designed RCTs, an important question for the disci-
pline is are there any treatments in widespread use that might 
be harmful?

If it is accepted that one pathway to better outcomes is 
through better evidence, then it is reasonable to conclude that 
the discipline must conduct vastly more clinical trials. The 
major barrier to doing so is the availability of research capac-
ity and infrastructure. There is no shortage of critically ill 
patients eligible for trials. A reasonable estimate is that, each 
year, there are between 3 and 5 million critically ill patients 
who receive mechanical ventilation in Organisation for Eco-
nomic Co-operation and Development countries and several 
million more in low- and middle-income countries. A reason-
able estimate is that, each year, only a few tens of thousands of 
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critically ill patients are enrolled in high-quality multicenter 
clinical trials. The success in developing effective treatments 
for a range of childhood cancers and the improved outcomes 
for patients with acute coronary syndromes show what can be 
achieved when sufficient patients are managed within an RCT 
that compares best-known treatment with most likely better 
treatment.

A goal for the discipline should be to increase the number 
of patients enrolled in high-quality RCTs by several orders of 
magnitude. What is needed is structures and processes that 
make it easy for patients to be enrolled in RCTs. Critically ill 
patients need treatment—where there is clinical equipoise, 
random variation in care should be replaced by randomized 
variation in care.

What are the structures and processes that have the poten-
tial to vastly increase participation in trials? First, it should 
be recognized that there is no list or catalogue of the range of 
treatments that are utilized in the management of critically 
ill patients. Such a catalogue can be developed, updated, and 
utilized to measure variation in practice. Observational stud-
ies that explore associations between variation in treatment 
and variation in outcome may be useful in identifying high-
priority questions for randomization. Second, trial networks 
are increasingly recognized as the most efficient infrastructure 
for conducting trials. The majority of high-quality investigator-
initiated RCTs in the discipline are now conducted by these 
networks. Networks are efficient because the intellectual and 
physical infrastructure that is created to conduct one trial is 
available for all future trials. Existing networks can and should 
increase capacity, but it is vital that new networks are estab-
lished in locations where they currently do not exist, particu-
larly in low- and middle-income countries. The International 
Forum of Acute Care Trialists is working to achieve this goal 
(14). Third, the burden of ethical approval and the mechanics 
of provision of information and consent must be proportionate 
to the additional risk of enrolment in a trial compared with the 
alternative of not being enrolled in a trial (15). Fourth, treating 
clinicians should accept that in the absence of definitive evi-
dence that they cannot know the truth and that their patients, 
current and future, are best served by allowing treatment deci-
sions to be determined by randomization. A corollary of this 
is that clinicians should not adopt new treatments until there 
is definitive evidence of effectiveness. Finally, new trial designs 
are emerging that offer the prospect of embedding randomiza-
tion as a routine component of healthcare delivery. Both plat-
form trials utilizing Bayesian adaptive methods (16) and cluster 

crossover trials (17) offer the prospect of it being substantially 
cheaper and easier to generate sample sizes that are capable of 
detecting plausible effect sizes (18).

The article in this issue by Landoni et al (3) puts, appropri-
ately, the discipline’s evidence base “on trial.” The appropriate 
response is to put our patients “on trial.”

REFERENCES

controlled trials. BMJ

targets in critically ill patients. Crit Care Resusc

Crit 
Care Med

-
tional glucose control in critically ill patients. N Engl J Med

N Engl J Med

N Engl J Med
-

N Engl J Med

N Engl J Med

N Engl J Med

Lancet

N Engl J Med

N Engl J Med 

-
N Engl J 

Med

Lancet
-

tive effectiveness trials. N Engl J Med
-

JAMA

over. Crit Care Resusc

Crit 
Care

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




Copyright © 2015 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Feature Articles

Critical Care Medicine www.ccmjournal.org 1559

17 Cardioanesthesia and Intensive Care, Civil Hospital “SS Annunziata,” 
Sassari, Italy.

18 Cardiac and Vascular Department, Casa di Cura Villa Verde, Taranto, Italy.
19 Department of Anesthesia, Intensive Care Medicine, Cardinal Massaia 

Hospital, Asti, Italy.
20 Division of Cardiac Surgery, University of Genova Medical School, 

Genova, Italy.
21 Department of Anesthesiology and Intensive Care, Semmelweis Univer-

sity, Budapest, Hungary.
22 Anesthesia and Resuscitation, United Company Hospital Papardo-

Piemonte, Messina, Italy.
23 Department of Intensive Care, Austin Hospital, University of Melbourne, 

Melbourne, Australia.
This work was performed at Department of Anesthesia and Intensive Care, 
IRCCS San Raffaele Scientific Institute, Milan, Italy.
Supplemental digital content is available for this article. Direct URL cita-
tions appear in the printed text and are provided in the HTML and PDF 
versions of this article on the journal’s website (http://journals.lww.com/
ccmjournal).
Supported, in part, by departmental funds only.
Dr. Zucchetti disclosed consulting, board membership, and receiving grant 
support. Dr. Bellomo is currently involved in the intense public debate on 
the use of starch-containing solutions which might be perceived as an 
“academic” conflict of interest. The remaining authors have disclosed that 
they do not have any potential conflicts of interest.
For information regarding this article, E-mail: landoni.giovanni@hsr.it

Objectives: We aimed to identify all treatments that affect mortality 
in adult critically ill patients in multicenter randomized controlled 
trials. We also evaluated the methodological aspects of these 
studies, and we surveyed clinicians’ opinion and usual practice 
for the selected interventions.
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Data Sources: MEDLINE/PubMed, Scopus, and Embase were 
searched. Further articles were suggested for inclusion from 
experts and cross-check of references.
Study Selection: We selected the articles that fulfilled the follow-
ing criteria: publication in a peer-reviewed journal; multicenter 
randomized controlled trial design; dealing with nonsurgical inter-
ventions in adult critically ill patients; and statistically significant 
effect in unadjusted landmark mortality. A consensus conference 
assessed all interventions and excluded those with lack of repro-
ducibility, lack of generalizability, high probability of type I error, 
major baseline imbalances between intervention and control 
groups, major design flaws, contradiction by subsequent larger 
higher quality trials, modified intention to treat analysis, effect 
found only after adjustments, and lack of biological plausibility.
Data Extraction: For all selected studies, we recorded the inter-
vention and its comparator, the setting, the sample size, whether 
enrollment was completed or interrupted, the presence of blind-
ing, the effect size, and the duration of follow-up.
Data Synthesis: We found 15 interventions that affected mortality 
in 24 multicenter randomized controlled trials. Median sample size 
was small (199 patients) as was median centers number (10). 
Blinded trials enrolled significantly more patients and involved 
more centers. Multicenter randomized controlled trials showing 
harm also involved significantly more centers and more patients 
(p = 0.016 and p = 0.04, respectively). Five hundred fifty-five clini-
cians from 61 countries showed variable agreement on perceived 
validity of such interventions.
Conclusions: We identified 15 treatments that decreased/
increased mortality in critically ill patients in 24 multicenter ran-
domized controlled trials. However, design affected trial size and 
larger trials were more likely to show harm. Finally, clinicians view 
of such trials and their translation into practice varied. (Crit Care 
Med 2015; 43:1559–1568)
Key Words: consensus conference; critically ill patients; intensive 
care unit; multicenter randomized controlled trials; noninvasive 
ventilation; nonsurgical interventions; treatments to increase and 
decrease mortality

Critically ill patients have high mortality rates (1) and 
account for a large part of hospital expenditure in 
the Western world (2). Any intervention leading to a 

reduction in mortality in such patients may save thousands of 
lives per year worldwide.

Over the last 50 years, the New England Journal of Medicine 
(NEJM) has published at least 12 multicenter randomized 
controlled trials (mRCTs) (3–14) performed in critically ill 
patients, which showed a statistically significant difference in 
unadjusted landmark mortality between treatment and con-
trol groups and were not later contradicted by larger or higher 
quality studies. Over the same period, a further 12 mRCTs 
(15–26) in the same population were also published in nine 
other journals. However, despite the presence of such a sub-
stantial seemingly robust body of evidence, no studies have 
assessed whether there are differences in trial features between 

those reporting benefit versus harm and whether clinicians use 
the findings of such trials in clinical practice.

We identified all mRCTs reporting an effect on mortality 
in critically ill patients, we assessed their internal and exter-
nal validity in a consensus conference, and finally we surveyed 
more than 500 physicians from 61 countries on how such evi-
dence might be currently translated into practice worldwide. 
Lastly, we evaluate methodological aspects of the selected trials.

MATERIALS AND METHODS

Systematic Search and Initial Article Selection
MEDLINE/PubMed, Scopus, and Embase were searched by 
four investigators with no publication time limits to identify all 
mRCTs of any intervention influencing unadjusted landmark 
mortality in critically ill patients (see full MEDLINE/PubMed 
search strategy, updated to June 20, 2013, in the Supplemen-
tary Appendix, Supplemental Digital Content 1, http://links.
lww.com/CCM/B243).

Further articles were suggested from experts and cross-
check of references.

Articles were selected only when fulfilling all the following 
criteria: 1) publication in a peer-reviewed journal; 2) mRCT 
design; 3) dealing with nonsurgical interventions (drug/tech-
nique/bundle of care) in adult critically ill patients; 4) statisti-
cally significant reduction or increase in unadjusted landmark 
mortality.

We considered all those critically ill patients with acute fail-
ure of at least one organ and/or need for intensive care treat-
ment and/or emergency treatment, regardless of where they 
were treated: intensive care ward, emergency department, or 
general ward. All trials involving more than one hospital were 
considered multicentric.

Difference in mortality was considered statistically signifi-
cant when present at a specific time point (landmark mortal-
ity) with simple statistical tests and without adjustment for 
baseline characteristics.

We excluded all studies that: 1) used a quasi-randomized 
or nonrandomized methodology; 2) dealt with surgical inter-
ventions; 3) involved pediatric population; 4) dealt only with 
the perioperative period; 5) were performed out of hospital; 
6) showed a mortality effect only in a population subgroup or 
showed a mortality effect only after adjusted analysis; or 7) had 
low (< 50%) agreement levels among surveyed clinicians.

Consensus Conference Meeting and Final Article 
Selection
On June 20, 2013, a core group of experts participated in a 
face-to-face consensus conference to assess and evaluate meth-
odological robustness of all interventions identified; several 
studies were excluded on methodological grounds because 
of lack of reproducibility or generalizability, high probability 
of type I error, major baseline imbalances between interven-
tion and control groups, major design flaws, contradiction by 
subsequent larger trials, modified intention-to-treat analysis, 
effect found only after adjustments, and lack of biological 
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plausibility. Specifically, biological plausibility represented the 
relationship of the study with previous information, such as 
pathophysiological rationale and estimated size effect, knowl-
edge and investigations in the field, reproducibility referred 
to the presence of confirmation in subsequent larger trials of 
the same intervention, and generalizability represented the 
external validity of such findings outside the unique trial set-
tings (27). Trials characterized by small sample size or a low 
rate of observed events were considered at high risk of type I 
error. Furthermore, in some studies, the patients in the control 
group were treated outside current standards of care. These 
studies were also removed. These evaluations were qualitative 
and based on an unanimous decision of the consensus group. 
Table S1 (Supplemental Digital Content 1, http://links.lww.
com/CCM/B243) reports the mRCTs excluded and the reason 
for exclusion.

The International Web-Based Survey
Through an interactive web questionnaire at http://www.
democracybasedmedicine.org, active for 3 months, from 
June 28, 2013, to September 28, 2013, we asked clinicians 
whether they agreed or disagreed with the validity of each 
intervention and whether they used or avoided each inter-
vention in clinical practice. The authors included the option 
“don’t know” and “not available” in the questionnaire to allow 
respondents to state that they had no opinion on a particular 
issue or do not have the possibility to use a particular drug. 
The brief questionnaire was first given to a restricted number 
of clinicians to test its clarity. No concerns arose and answers 
were consistent with a correct interpretation of the questions.

E-mail addresses were those of corresponding authors of 
articles published in the last 10 years on peer-reviewed jour-
nals dealing with intensive care, anesthesiology, emergency 
medicine, cardiac surgery, and cardiology.

Since methodological research suggests that there is no dif-
ference in response rate depending on the inclusion or exclu-
sion of the “don’t know” option (if < 40%), we reported only 
the “yes” and “no” frequencies (28).

We excluded interventions with an agreement rate of less 
than 50% (Table S2, Supplemental Digital Content 1, http://
links.lww.com/CCM/B243).

Throughout the process, all participants were asked to dis-
close any potential conflicts of interest.

Statistical Analysis
For all selected studies, we recorded and analyzed as variables: 
1) the intervention and its comparator; 2) the effect on sur-
vival; 3) the setting of the trial; 4) the sample size (number of 
centers and number of patients); 5) whether enrollment was 
completed or interrupted after interim analysis; 6) the pres-
ence of blinding; and 7) the duration of follow-up.

For each of the selected trials, size effect was assessed. From 
the data provided in the articles, we calculated relative risk 
reduction or increase (RRR/RRI), absolute risk reduction or 
increase (ARR/ARI), and number needed to treat (NNT) or 
number needed to harm (NNH).

Descriptive statistics were used to examine study vari-
ables. Values are expressed as medians with interquartile range 
(IQR). The difference between two groups was calculated with 
the Mann-Whitney U test, and when more than two groups 
were involved, Kruskal-Wallis test was used. To calculate the 
association between study variables (in this case RRR, ARI, 
increased mortality, RRI, NNT, and NNH), the chi-square test 
(in case of dichotomous variables) and/or Spearman correla-
tion test are used. Statistical significance was assumed for p 
value less than 0.05.

The results of the web vote are expressed as percentage of 
positive votes. Null votes were excluded. We reported both 
the percentage of agreement with selected literature and use/
avoidance in clinical practice.

Statistical analysis was performed using STATA 13 software 
(StataCorp, College Station, TX).

RESULTS
We identified 15 treatments that influenced (decreased or 
increased) unadjusted landmark mortality in critically ill 
patients as documented by 24 mRCTs (3–26), 12 of which pub-
lished by the NEJM (3–14) (Fig. S1, Supplemental Digital Con-
tent 2, http://links.lww.com/CCM/B244; Fig. S2, Supplemental 
Digital Content 3, http://links.lww.com/CCM/B245).

Interventions That Decreased Mortality
At the time of analysis, seven treatments decreased mortality: 
1) noninvasive ventilation (NIV) for specific population with 
acute respiratory failure (5, 18–24); 2) mild hypothermia after 
cardiac arrest (4); 3) prone positioning (6) and 4) low tidal vol-
ume ventilation (7, 8, 25) in acute respiratory distress syndrome 
(ARDS); 5) tranexamic acid in patients with or at high risk of 
traumatic hemorrhagic shock (26); 6) daily interruption of sed-
atives in critically ill patients (17); and 7) albumin administra-
tion in cirrhotic patients with spontaneous bacterial peritonitis 
(3) (Tables 1 and 2). Only two of these studies were blinded.

Noninvasive mechanical ventilation (NIV) was the treat-
ment supported by the greatest number of mRCTs, with eight 
mRCTs showing a statistically significant survival improve-
ment in patients affected by acute respiratory failure in a variety 
of contexts, such as acute exacerbation of chronic obstructive 
pulmonary disease (COPD) and respiratory acidosis (5, 19, 
22, 24), hypoxemic respiratory failure (20), and weaning from 
invasive mechanical ventilation (18, 21, 23).

However, such evidence in favor of NIV was dependent on 
an effect in the specific population of COPD patients (six out 
of eight showing benefit). These mRCTs enrolled a median 
of 98 patients (IQR, 48–120) and involved a median of three 
centers. Only two trials involved more than 10 centers (IQR, 
3–7) and only one enrolled more than 199 patients. A total of 
916 patients were enrolled. Only another intervention was sup-
ported by more than one mRCT (low tidal volume mechanical 
ventilation with or without high positive end-expiratory pres-
sure in ARDS) (7, 8, 25). These three trials, however, were all 
interrupted after ad interim analysis because of increased sur-
vival in treatment group.

http://links.lww.com/CCM/B243
http://links.lww.com/CCM/B243
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Interventions That Increased Mortality
Eight interventions increased mortality: 1) diaspirin cross-
linked hemoglobin in traumatic hemorrhagic shock (15); 2) 
hydroxyethyl starch in septic shock (12); 3) ventilation with 
high-frequency oscillation (13); 4) IV salbutamol (16) in 
ARDS; 5) glutamine supplementation (14); 6) growth hormone 
treatment (10); 7) supranormal systemic oxygen delivery (9); 
and 8) intensive insulin therapy (11) (Tables 3 and 4). Of these 

studies, five were blinded. See Tables S3 and S4 (Supplemental 
Digital Content 1, http://links.lww.com/CCM/B243) for trial 
characteristics.

Major Exclusions
Sixteen articles were excluded by the Consensus Confer-
ence (details in Tables S1, S3, and S4, Supplemental Digital 
Content 1, http://links.lww.com/CCM/B243). Sample size 

TABLE 1. Multicenter Randomized Controlled Trials of Nonsurgical Intervention Reporting 
a Significant Reduction in Mortality: Population, Intervention, and Comparator

Treatment Population Intervention Comparator

Albumin in 
hepatorenal 
syndrome (3)

Patients with cirrhosis and 
spontaneous bacterial 
peritonitis

Cefotaxime and albumin IV Cefotaxime IV

Daily interruption of 
sedatives (17)

Mechanically ventilated patients Daily spontaneous awakening 
trial + spontaneous 
breathing trial

Daily spontaneous breathing trial

Mild hypothermia (4) Patients with return of 
spontaneous circulation after 
witnessed cardiac arrest

Therapeutic hypothermia 
(32–34°C)

Normothermia

Noninvasive 
ventilation (5)

Decompensated COPD 
exacerbation

NIV Standard treatment

Noninvasive 
ventilation (18)

Intubated COPD patients, after a 
failed weaning trial

NIV after accelerated weaning 
and extubation

Invasive PSV and standard weaning

Noninvasive 
ventilation (19)

COPD exacerbation NIV + medical therapy Oxygen therapy + medical therapy

Noninvasive 
ventilation (20)

Severe hypoxemic ARF NIV High-concentration oxygen therapy

Noninvasive 
ventilation (21)

Patients at high risk for 
postextubation respiratory 
failure

NIV immediately after 
extubation for 24 hr

Oxygen therapy after extubation

Noninvasive 
ventilation (22)

Intubated COPD patients NIV after accelerated weaning 
and extubation

Invasive synchronized invasive 
mechanical ventilation + PSV and 
standard weaning

Noninvasive 
ventilation (23)

Intubated COPD patients NIV after extubation Oxygen therapy after extubation

Noninvasive 
ventilation (24)

Very old (> 75 yr) COPD patients 
with ARF

NIV Standard medical therapy

Prone position (6) Severe ARDS Prone position for 16 
consecutive hours + 
standard treatment

Standard treatment

Protective 
ventilation (7)

Severe ARDS High PEEP, low tidal volume Low PEEP, tidal volume 12 mL/kg

Protective 
ventilation (8)

Severe ARDS Low tidal volume, plateau 
pressure < 30 cm H2O

Tidal volume 12 mL/kg, plateau 
pressure < 50 cm H2O

Protective 
ventilation (25)

Severe ARDS Low tidal volume, PEEP = 
lower inflection point + 2 cm 
H2O

Tidal volume 9–11 mL/kg, PEEP > 
5 cm H2O

Tranexamic acid (26) Trauma patients with or at risk of 
significant hemorrhage

Tranexamic acid Placebo

COPD = chronic obstructive pulmonary disease, NIV = noninvasive ventilation, PSV = pressure support ventilation, ARF = acute respiratory failure, 
ARDS = acute respiratory distress syndrome, PEEP = positive end-expiratory pressure.
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was generally small: median number of patients 115 (IQR, 
77–180) and median number of centers 7 (IQR, 4–13). Ten 
of these mRCTs were blinded, and all 16 studies showed an 
improved survival.

Four more interventions were excluded after the web-based 
survey because of low agreement (< 50%) of their efficacy 
among clinicians (Table S2, Supplemental Digital Content 1, 
http://links.lww.com/CCM/B243). Two interventions may 

improve survival (antimicrobial therapy in patients with 
ventilator-associated tracheobronchitis [29] and enteral anti-
oxidant supplementation [30]) and two may increase mortal-
ity (NIV in early respiratory failure after extubation [31] and 
nitric oxide synthase inhibitor (546C88) in septic patients 
[32]). These studies enrolled a median number of patients of 
223 (IQR, 180–367) and involved a median of 25 centers (IQR, 
10–59). Two of them (30, 32) were blinded.

TABLE 2.  Multicenter Randomized Controlled Trials of Nonsurgical Intervention Reporting 
a Significant Reduction in Mortality: Trial Size, Size Effect, Follow-Up, End of Enrollment, 
and Blinding

Treatment Centers Patients p

Absolute  
Risk  

Reduction

Relative  
Risk  

Reduction

Number  
Need to  

Treat to Save 
One Life Follow-Up

Stopped  
at Interim  
Analysis Blinding

Albumin in 
hepatorenal 
syndrome (3)

7 126 0.01 0.191 0.668 5 Hospital dischargea; 
90 da

No Yes

Daily interruption of 
sedatives (17)

4 336 0.01 0.134 0.232 7 28 d; 1 yra No No

Mild  
hypothermia (4)

9 275 0.02 0.142 0.258 7 Hospital discharge, 
6 moa

No No

Noninvasive 
ventilation (5)

5 85 0.02 0.193 0.675 5 Hospital dischargea No No

Noninvasive 
ventilation (18)

3 50 0.009 0.2 0.714 5 60 da No No

Noninvasive 
ventilation (19)

14 236 0.05 0.101 0.498 10 Hospital dischargea No No

Noninvasive 
ventilation (20)

3 105 0.028 0.213 0.548 5 ICU dischargea; 90 da No No

Noninvasive 
ventilation (21)

2 162 0.025 0.142 0.871 8 ICU dischargea; 
hospital discharge; 
90 da

No No

Noninvasive 
ventilation (22)

11 90 0.015 0.12 0.828 7 Hospital dischargea No No

Noninvasive 
ventilation (23)

3 106 0.0244 0.197 0.64 5 ICU discharge; 
hospital discharge; 
90 da

No No

Noninvasive 
ventilation (24)

3 82 0.014 0.122 0.836 8 Hospital dischargea; 
6 moa; 1 yra

No No

Prone position (6) 27 474 < 0.001 0.168 0.512 6 28 d; 90 da No No

Protective 
ventilation (7)

2 53 < 0.001 0.329 0.465 3 ICU dischargea; 
hospital discharge; 
28 da

Yes No

Protective 
ventilation (8)

10 861 0.007 0.088 0.222 11 Hospital dischargea Yes No

Protective 
ventilation (25)

8 103 0.017 0.238 0.441 4 ICU dischargea; 
hospital 
dischargea; 28 da

Yes No

Tranexamic  
acid (26)

247 20,211 0.0035 0.015 0.094 68 Hospital dischargea No Yes

aSignificant.
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Characteristics of the Selected Trials
Overall, only seven trials (29%) were blinded. Blinding was 
associated with trial size. Blinded trials enrolled more patients 

(median, 532 [IQR, 126–1,223] vs 106 [90–336]; p = 0.039) 
and involved more centers (median, 26 [IQR, 18–46] vs 5 
[IQR, 3–11]; p = 0.008) than nonblinded trials. Furthermore, 

TABLE 3.  Multicenter Randomized Controlled Trials of Nonsurgical Intervention Reporting 
a Significant Increase in Mortality: Population, Intervention, and Comparator

Treatment Population Intervention Comparator

Supranormal elevation 
of systemic oxygen 
delivery (9)

Patients who failed to reach 
target hemodynamic values 
after fluid resuscitation

Dobutamine + standard  
intensive care

Standard intensive care

Diaspirin cross-linked 
hemoglobin (15)

Traumatic hemorrhagic shock 10% modified tetrameric 
hemoglobin solution

Saline infusion

Growth hormone (10) Patients expected to need 
intensive care for at least 
10 d

Growth hormone Placebo

Tight glucose control (11) Patients expected to need 
intensive care for at least 3 d

Target blood glucose range  
81–108 mg/dL

Target blood glucose  
< 180 mg/dL

IV Salbutamol (16) ARDS (within 72 hr of onset) Salbutamol IV Placebo

Hydroxyethyl starch (12) Severe sepsis Fluid resuscitation with 6% 
hydroxyethyl starch 130/0.42

Fluid resuscitation Ringer’s 
acetate

High-frequency oscillatory 
ventilation (13)

Moderate and severe ARDS High-frequency oscillatory  
ventilation

Low tidal volumes and high 
positive end-expiratory pressure

Glutamine 
supplementation (14)

Intubated patients with multiple 
organ failure

Glutamine supplementation IV 
and enterally + selenium IV and 
enterally + zinc, beta carotene, 
vitamin E, and vitamin C enterally

Placebo IV and enterally

ARDS = acute respiratory distress syndrome.

TABLE 4.  Multicenter Randomized Controlled Trials of Nonsurgical Intervention 
Reporting a Significant Increase in Mortality: Trial Size, Size Effect, Follow-Up, End of 
Enrollment, and Blinding

Treatment Centers Patients p

Absolute  
Risk  

Increase

Relative  
Risk  

Increase

Number 
Needed to 

Harm Follow-Up

Stopped 
at Interim 
Analysis Blinding

Supranormal elevation 
of systemic oxygen 
delivery (9)

2 100 0.04 0.2 0.667 5 ICU dischargea; 
hospital 
dischargea

No No

Diaspirin cross-linked 
hemoglobin (15)

18 112 0.015 0.221 0.902 5 48 hra; 28 da No Yes

Growth hormone (10) 18 532 < 0.001 0.221 1.163 5 ICU dischargea; 
6 moa

No Yes

Tight glucose 
control (11)

42 6,104 0.02 0.026 0.104 38 Hospital discharge; 
28 da; 90 da

No No

IV Salbutamol (16) 46 326 0.02 0.109 0.468 9 ICU discharge; 
hospital 
discharge; 28 da

Yes Yes

Hydroxyethyl starch (12) 26 804 0.03 0.075 0.174 13 28 d; 90 da No Yes

High-frequency 
oscillatory 
ventilation (13)

39 548 0.005 0.117 0.332 9 ICU dischargea; 
hospital 
dischargea; 28 da

Yes No

Glutamine 
supplementation (14)

40 1,223 0.05 0.052 0.191 19 Hospital dischargea; 
28 d; 6 moa

No Yes

aSignificant.
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nonblinded trials were more likely to show a mortality benefit 
than blinded trials (p = 0.011).

In addition, mRCTs showing an increase in mortal-
ity involved more centers (median, 33 [IQR, 18–41] vs 6 
[IQR, 3–11]; p = 0.017) and enrolled almost five times more 
patients (median, 540 [IQR, 219–1,014] vs 116 [IQR, 88–306]; 
p = 0.043) than those showing an improved survival. Five 
mRCTs were interrupted after interim analysis: three for ben-
efit (7, 8, 25) and two for harm (13, 16).

Overall sample size was small with a median (IQR) of 199 
(IQR, 102–536) patients and a median of 10 (IQR, 3–26) cen-
ters. As shown in Figure S3 (Supplemental Digital Content 4, 
http://links.lww.com/CCM/B246), large mRCTs were a minor-
ity, although both the number of centers involved and the 
number of patients enrolled appear to have increased over the 
time (Fig. 1).

Duration of follow-up varied greatly across the studies, 
ranging from 48 hours to 1 year but was not related to out-
come. Most studies (21 out of 24) investigated medium-term 
mortality (i.e., in-hospital survival and 28-d survival). Among 
the studies that showed a decrease in mortality, nine out of 16 
had a longer-term (i.e., from 60 d to 1 yr) follow-up. Among 
the studies with increased mortality, four out of eight had a 
longer-term follow-up (from 60 d to 6 mo). Two trials (21, 24) 
showed a statistically significant decrease in mortality when 
measured early (ICU) mortality and 1-month mortality, but 
no effect after longer follow-up (in-hospital mortality and 
1-yr mortality, respectively).

The median ARR for interventions that decreased mortality 
was 0.12 (IQR, 0.12–0.2), and the median RRR was 0.53 (IQR, 
0.35–0.69). The median ARI for interventions that increase 
mortality was 0.11 (IQR, 0.06–0.21), and the median RRI was 
0.4 (IQR, 0.18–0.78).

The median NNT was 7 (IQR, 5–8) and median NNH was 9 
(IQR, 5–16). No statistically significant correlation was found 
between effect size and outcome or blinding. We found a sta-
tistically significant correlation between trial size and effect 

size (Fig. S3, Supplemental Digital Content 4, http://links.lww.
com/CCM/B246). Funding was declared in 21 studies (82%) 
and came from public sources in most cases (16 studies; 67%). 
See Table S5 (Supplemental Digital Content 1, http://links.
lww.com/CCM/B243) for statistical analysis details.

For sensitivity, we repeated these analyses focusing on 
all studies identified by the systematic analysis (Table S6, 
Supplemental Digital Content 1, http://links.lww.com/CCM/
B243) and we compared the descriptive statistics of the selected 
articles with that of the excluded ones (Table S7, Supplemental 
Digital Content 1, http://links.lww.com/CCM/B243). Our find-
ings were not significantly changed. As observed in the selected 
articles, smaller trials were more likely to show an improvement 
in survival (p < 0.01) and to be unblinded (p = 0.01). Trials that 
showed a positive effect on survival had a smaller NNT (6 vs 
10; p = 0.02) and a larger ARR (0.177 vs 0.107; p = 0.04). This 
correlation was lost in the selected article. Excluded trials were 
smaller, but this difference was not statistically significant. All 
trials excluded by the consensus showed an improved survival.

Clinicians’ Responses
In total, 555 clinicians from 61 countries responded to our sur-
vey at http://www.democracybasedmedicine.org and reported a 
variable degree of agreement with trial results and use in clini-
cal practice (Tables S8 and S9, Supplemental Digital Content 
1, http://links.lww.com/CCM/B243). The more represented 
countries in the web poll were the United States (11%), Aus-
tralia (11%), and Italy (11%) (Table S10, Supplemental Digital 
Content 1, http://links.lww.com/CCM/B243). Eighty percent 
of the voters identified themselves as intensive care specialists. 
Agreement with literature did not differ according to trial out-
come; trials showing decreased mortality had a median agree-
ment rate of 81.3% (SD, 9.3%), whereas those showing increased 
mortality had an 81.6% median agreement rate (SD, 7.2%). The 
percentage of use/avoidance was not influenced by the year of 
publication (Spearman correlation test, p = 0.92; Fig. S5, Sup-
plemental Digital Content 6, http://links.lww.com/CCM/B248). 
On average, only 71% of those who agreed with the veracity of 
the effect of the selected interventions declared to routinely use/
avoid them in their clinical practice, and the percentage of those 
who agreed with the scientific validity of these interventions 
but did not routinely use/avoid them increased with a decrease 
in general agreement (Fig. S6, Supplemental Digital Content 
7, http://links.lww.com/CCM/B249). NIV showed the highest 
percentages of both agreement and use in clinical practice.

Finally, declarations of any conflicts of interests assessed for 
each intervention ranged from 0% to 1.26% per intervention, 
and the exclusion of these participants did not affect the over-
all results.

DISCUSSION

Key Findings
We identified all nonsurgical interventions for which there is 
mRCT evidence of an effect on unadjusted landmark mortality 
in adult critically ill patients. Such mRCTs have small sample 

Figure 1. Trend of number of patients and number of centers over time. 
The diameter of the balloons represents the number of patients enrolled 
in each trial.
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size (median patient number below 200 and median center 
number of 10). Only seven trials were blinded and five were 
interrupted after interim analyses. Notably, unblinded trials 
did not study medications, but the use of specific devices (such 
as NIV or high-frequency oscillatory ventilation) or therapeu-
tic strategies (daily interruption of sedatives, prone position, 
mild hypothermia after cardiac arrest, protective ventilation, 
tight glucose control, and supranormal oxygen delivery). In 
these cases, blinding is very difficult or even impossible. In 
keeping with this, we found an association between blinding 
and trial size. Blinded trials enrolled significantly more patients 
and involved more centers. Furthermore, mRCTs reporting 
an increase in mortality involved more centers and enrolled 
more patients than those showing decreased mortality. Finally, 
there was a clear correlation between the effect size and trial 
size. Among treatments showing decreased mortality, NIV was 
supported by the greatest number of mRCTs, but such robust-
ness was essentially dependent on its effect in COPD patients 
(six trials). Protective ventilation was the only other treatment 
supported by more than one mRCT. Finally, surveying more 
than 500 clinicians in 61 countries showed a variable degree 
of agreement for both scientific validity and the clinical use 
of such interventions. NIV showed the highest percentages of 
both agreement and use in clinical practice.

Previous Literature and Methodology
Given the great heterogeneity of critically ill patients, the lack 
of robust surrogate outcomes, and their high mortality rates, 
mortality is generally considered the most important primary 
outcome in ICU RCT (33). However, interventions reported to 
influence mortality in those patients are relatively few, small or 
single center in design, and at high risk of type I error. As such, 
they should only be considered hypothesis generating (34, 35). 
For these reasons, we focused our attention only on mRCTs as 
they represent the highest grade of evidence and have a higher 
degree of external validity and the lowest risk of type I or type 
II error (34, 35). However, even multicenter investigations in 
ICU setting often fail to demonstrate effects on mortality or 
demonstrate an exaggerated effect that is contradicted by sub-
sequent trials. Negative trials may result from true lack of effect 
or patient heterogeneity, logistic and organizational difficulties 
(34), limited power, unidentified confounders, or variability in 
clinician behavior in the complex and peculiar ICU environ-
ment (36). The risk of type I error, on the other hand, is gen-
erally due to small sample size or paucity of observed events. 
In a critical care context, investigators might have difficulties 
to enroll a large number of patients, even with a multicenter 
design.

Accordingly, interventions showing a significant effect 
on mortality in critically ill patients in mRCTs are few. They 
become even fewer after a detailed assessment of quality and 
adequacy. In agreement with our findings, in 2008, Ospina-
Tascón et al (33) assessed all ICU adult RCTs of more than 50 
patients with mortality as the primary outcome. These inves-
tigators found that only 10 studies reported a beneficial effect 
and that seven reported harm. Fifty-five studies reported no 

effect. Furthermore, in 2010, Aberegg et al (37) used high-
impact journals to assess RCTs in ICU over a 10-year period 
and compared the predicted effect with the reported effect. In 
38 trials, they found that the mean predicted effect was 10.1% 
and that the mean actual reported effect was only 1.4%.

Recently, Mueller et al (38) challenged the ethical and scien-
tific validity of stopping RCT early because of apparent benefit. 
When the observed event rate is low, an unlikely high effect 
size is needed to reach statistical significance. This can lead to 
an overestimate of the therapeutic effect of a treatment as well 
as to a decreased ability to detect serious side effects. Notably, 
only three trials were interrupted ad interim for benefit, all of 
them investigating efficacy of protective ventilation strategies 
in ARDS. Even if the number of events accrued before discon-
tinuation was small in two out of three trials, the reproducibil-
ity of the results confirmed their reliability.

Implications for Clinical Practice
Our findings have implications for trials in intensive care. They 
suggest the need to increase size, centers number, and efforts 
to blind interventions or to at least blind adjudication when 
blinding is not possible. Finally, they suggest the need to assess-
ing unadjusted landmark mortality at a time that is remote 
from the intervention applied in ICU. These steps may increase 
clinician confidence in the robustness of the results and their 
translation into practice. The observation that trials showing 
an increase in mortality appear of greater quality reinforces 
concerns about the robustness of “positive” findings as does 
the lack of confirmatory mRCTs after “positive” investigations.

Our findings also have implications for clinicians who are 
charged with translating evidence into practice. By showing 
that trials that report harm are of greater quality, they suggest 
the need to perhaps both consider translating their findings 
into practice with greater confidence and simultaneously view 
trials that show benefit with greater caution.

Strengths and Limitations
This study has several strengths. For the first time, to our knowl-
edge, we reviewed all mRCTs reporting an effect on mortality 
for interventions in critically ill patients. We found that such tri-
als are generally small, raising concerns about the risk of a type 
I error, and that studies showing an increase in mortality were 
larger in size, implying that type I errors may be more likely 
for trials that show an improved survival and that studies that 
proved an increase in mortality may, therefore, be statistically 
and perhaps clinically more robust. We also found that blinded 
trials involved more centers and more patients, suggesting 
that their statistical robustness adds to their ability to decrease 
selection bias. Finally, this is the first time in literature that self-
reported practice on these interventions has been collected. We 
found variable degrees of agreement about the use of those 
findings when clinicians were surveyed, suggesting that transla-
tion of evidence into practice remains a complex process even 
when evidence comes from mRCTs and the outcome is land-
mark unadjusted mortality. As a matter of fact, some apparently 
well-established interventions, such as protective ventilation and 
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prone positioning in ARDS, or tranexamic acid in major bleed-
ing, were used by a surprisingly low rate of responders.

Our study also suffers from important limitations. It was 
completed in June 2013. Evidence-based medicine is an evolv-
ing process, sometimes rather quickly. Accordingly, the ben-
eficial effects of hypothermia after cardiac arrest have been 
recently challenged (39).

Some of the criteria used to select the trials of interest dur-
ing the Consensus, such as biological plausibility, high risk of 
type I error, and major baseline imbalances (as well as external 
validity and internal validity), cannot be currently quantified. 
It is our major concern that these dimensions need to be evalu-
ated in order to assess the reliability of trial results. Yet these 
issues have only been minimally discussed by the evidence-
based medicine movement and quantitative tools do not exist. 
In the absence of such criteria, only a qualitative assessment 
could be carried out. We decided that the only way to tackle 
such issues was via a consensus conference and to accept the 
unanimous decision of the consensus group that a given study 
carried such limitations and should be excluded. An outstand-
ing example of the importance of these elements is River’s 
Early Goal Directed Therapy study (40). This trial was charac-
terized by limited biological plausibility (only 6 hr of interven-
tion, incredible effect size), high risk of type I error, and limited 
external validity (41), yet held sway across an evidence based 
medicine-based ICU world for a decade, until Protocol-Based 
Care for Early Septic Shock and Australasian Resuscitation 
In Sepsis Evaluation trials (42) contradicted its results. 
Furthermore, the characteristics of excluded articles (trial size 
and effect size) did not differ from those of the selected arti-
cles (Tables S4 and S7, Supplemental Digital Content 1, http://
links.lww.com/CCM/B243). Thus, even if such studies were 
not excluded, their inclusion would not materially change our 
findings or conclusions.

Our survey obtained data from all clinicians who chose to 
submit their views via internet. Thus, we have no denomina-
tor to indicate what percentage of physicians exposed to the 
survey chose to respond and we cannot assess the representa-
tiveness of the sample. Furthermore, the selection method was 
not validated. However, the number of patients who reported 
their views represents the largest and most international survey 
of intensive care clinician opinion on ICU treatment reported 
so far. Self-reported preferences and practice do not reliably 
reflect actual practice, but provide an initial appreciation of 
opinion on the use of such interventions worldwide.

CONCLUSIONS
We identified 15 treatments that either decrease or increase 
mortality in critically ill patients according to 24 mRCTs, 
with NIV alone having eight mRCTs in support of a mortal-
ity reduction. We found, however, that both sample size and 
median number center were small.

Furthermore, only seven trials were blinded and five were 
interrupted after interim analyses. Blinded trials enrolled 
significantly more patients and involved more centers. 
Similarly, mRCTs showing an increase in mortality involved 

more centers and enrolled more patients than those showing 
improved survival. Furthermore, there was a clear correlation 
between the effect size and trial size, such that the greater the 
size of the trial the greater the NNT or NNH and the smaller 
the ARR or ARI and the RRR or RRI. Finally, when we sur-
veyed more than 500 clinicians in 61 countries, we found 
a variable degree of agreement on their use and, for some 
interventions, application by responders was surprisingly low 
(e.g., only 85% for protective ventilation, 56% for tranexamic 
acid, and 55% for prone position). Our findings suggest that 
size, methodology quality, and number of centers involved 
need to increase in critical care trials to allow greater confi-
dence in their findings.
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