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Abstract
Background: Intensivists’ clinical decision making pursues two main goals for patients: to decrease mortality and to
improve quality of life and functional status in survivors. Patient-important outcomes are gaining wide acceptance in
most fields of clinical research. We sought to systematically review how well patient-important outcomes are reported
in published randomized controlled trials (RCTs) in critically ill patients.
Methods: Literature search was conducted to identify eligible trials indexed from January to December 2013. Articles
were eligible if they reported an RCT involving critically ill adult patients. We excluded phase II, pilot and physiological
crossover studies. We assessed study characteristics. All primary and secondary outcomes were collected, described
and classified using six categories of outcomes including patient-important outcomes (involving mortality at any time
on the one hand and quality of life, functional/cognitive/neurological outcomes assessed after ICU discharge on the
other).
Results: Of the 716 articles retrieved in 2013, 112 RCTs met the inclusion criteria. Most common topics were
mechanical ventilation (27%), sepsis (19%) and nutrition (17%). Among the 112 primary outcomes, 27 (24%) were
patient-important outcomes (mainly mortality, 21/27) but only six (5%) were patient-important outcomes besides
mortality assessed after ICU discharge (functional disability = 4; quality of life = 2). Among the 598 secondary out‑
comes, 133 (22%) were patient-important outcomes (mainly mortality, 92/133) but only 41 (7%) were patient-impor‑
tant outcomes besides mortality assessed after ICU discharge (quality of life = 20, functional disability = 14; neuro‑
logical/cognitive performance = 5; handicap = 1; post-traumatic stress = 1). Seventy-three RCTs (65%) reported at
least one patient-important outcome but only 11 (10%) reported at least one patient-important outcome besides
mortality assessed after ICU discharge.
Conclusion: Patient-important outcomes are rarely primary outcomes in RCTs in critically ill patients published in
2013. Among them, mortality accounted for the majority. We promote the use of patient-important outcomes in criti‑
cal care trials.
Keywords: Patient-important outcome, Critical care, Quality of life
Background
The paternalistic model of patient care has also encompassed the field of research in critical care for many years.
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To change this paradigm, some clinicians and researchers recently advocated for “the patient at the center” of
medical decision making. They suggested recommending
interventions, not when the magnitude of the effect was
“clinically relevant” but when it was “patient important”
[1]. The notion of “Patient-important” sheds light on the
individual clinical encounter and the preeminence of
patient’s value and preferences within that encounter. In
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clinical research, a patient-important outcome has been
previously defined as: “a characteristic or variable that
reflect how a patient feels, functions or survives” [2, 3].
The principal goal of implementing intensive care units
(ICU) was to save the life of critically ill patients (i.e.,
decrease mortality). This goal has been reached in many
clinical situations such as septic shock or acute respiratory failure, owing to progress in symptomatic and etiologic treatments of shock and in mechanical ventilation
[4, 5]. Although this goal remains a major objective for
intensivists, other priorities have emerged. In particular, the importance of assessing mean and long-term
outcome in survivors has been underlined [6]. Critical
illness is indeed associated with a wide array of longterm sequelae (physical and psychical) that impact functional status and quality of life [7–11]. To account for
the patient perspective, clinical decision making by ICU
physicians now pursues the goal of improving mean and
long-term outcomes in survivors in addition to increasing their chance of survival. In case these goals cannot be
reached, an alternative goal is improving the quality of
death and dying in ICU.
In addition to mortality, assessing mean to long-term
outcomes (after ICU and hospital discharge) could help
define the usefulness of an intervention, taking into
account what might be relevant and advantageous for the
patients [12].
Numerous questions around outcomes used in randomized controlled trials (RCTs) in critically ill patients
led us to conduct this systematic review. The core question of this review was guided, however, by patients’ priorities. We chose to define patient-important outcomes
according to these patients’ priorities (survival, quality of
life, functional, cognitive and neurological performance
assessed after ICU discharge) as it has been done in other
fields such as diabetes [13].
The main objective of this systematic review was to
investigate whether RCTs in critically ill patients published in 2013 assess the patient-important outcomes.

Methods
To perform the systematic review on the 1-year period
of 2013, we followed the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analysis) statement guidelines [14].
Outcome classification

Our outcome classification was developed according to
previous work on patient-important outcome in various
medical domains [3, 13, 15].
A scientific committee [including three intensivists
(SG, J-DR and DD) and 1 methodologist (FT) particularly
involved in designing and conducting RCTs in critically
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ill patients] established a classification of outcome categories relevant to ICU trials.
The experts identified six outcome categories:
Patient-important outcomes that included two entities:
on the one hand, mortality at any time and on the other,
quality of life, functional/cognitive/neurological outcomes assessed after ICU discharge.
Clinical outcomes in ICU and hospital organ failure, complication/adverse outcomes (for instance: drug
induced skin reaction or hypotension during renal
replacement therapy), healthcare-associated outcomes
(nosocomial pneumonia, catheter-related infections),
delirium, clinical events (such as venous thromboembolism, myocardial infarction), pain (in ICU), anxiety
(in ICU), conscience level, return to spontaneous circulation, muscle strength/circumference, sleep duration,
National Institute of Health Stroke Score (NIHSS) (for
acute phase of stroke), clinical response to antibiotics,
dyspnea (in ICU), noninvasive ventilation tolerance.
Biological/physiological/radiological outcomes such as
brain natriuretic peptide (BNP), neutrophil gelatinaseassociated lipocalin (NGAL), total lung capacity, chest
X-ray severity score.
Care provider decision-related outcomes e.g., mechanical ventilation duration, length of stay, antibiotic
exposure, volume of fluid resuscitation, intubation or
reintubation, number of gastric tubes for aspiration,
sedation exposure (dose/time), renal replacement therapy, ICU readmission, noninvasive ventilation, tracheostomy, transfusion, use of a prokinetic agent, need for
surgery, dose of local anesthesia, hospital discharge
disposition.
Care performance outcomes care procedure quality and
noise/light exposure.
Other outcomes family satisfaction, physician/nurse or
other provider satisfaction, cost/charges, withholding/
withdrawal of care, patient judgment about his readiness
to discharge, workload for staff team, compliance to a
care protocol, medicolegal conflict.
Besides, for primary outcomes, we defined a “surrogate
outcome” as an outcome measuring a substitute for some
other variable (e.g., a biomarker intended to substitute
for a clinical endpoint) [2].
Article eligibility criteria

Articles were eligible if they met the following criteria:
article published between January 2013 and December 2013; reporting an RCT involving critically ill adult
patients (i.e., adults hospitalized in ICU); written in
English.
We considered only the first report of the trial results
and trial extension follow-up, i.e., we excluded articles
reporting post hoc analyses and sub-analyses of RCTs.
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Indeed, our aim was to focus on the RCTs’ initial objective. We also excluded phase II studies, pilot studies and
physiological crossover studies because studies at this
stage of clinical research are expected to explore mainly
physiological and feasibility outcomes.
Search strategy and article selection

Main literature search (for the January 2013 to December 2013 period) was conducted on the July 16, 2014, in
MEDLINE (via Pubmed®) to identify eligible articles
indexed between January 2013 and December 2013. The
search strategy relied on two algorithms, one dedicated
to articles indexed with Mesh terms and the other dedicated to articles not indexed (at the time of the search),
using exclusively free text. Terms related to intensive
care were combined with terms related to RCTs. Details
regarding the literature search strategy and the terms
used are provided in Additional file 1.
Two senior intensivists (SG and JM) independently
screened the titles and abstracts for the eligibility criteria,
to identify articles to be read in full text. Definite article
selection was only achieved after examination of the full
text confirmed that inclusion criteria were met.
Data collection

A standardized extraction form (available from the corresponding author) was established from a literature review
and a priori discussion. This extraction form was pretested by two authors (SG and JM) independently, in a set
of ten articles. This test enabled to identify items needing rewording to avoid any confusion. Disagreements
were discussed with an epidemiologist (last author, FT),
to ensure similar understanding. Once all litigious points
were settled, two reviewers (SG and JM) independently
extracted the following data from the selected articles
(using the full text and the Additional file 1): general data
(funding source, geographical origin, topic, number of
centers), methods (intervention assessed, study design,
randomization design), quality assessment (by use of
the risk of bias tool [16]), trial characteristics (inclusion period, length of follow-up, number of randomized
patients) and outcomes (time from randomization to
assessment for primary outcome, type and characteristic
of all outcomes, see paragraph above).
For all articles included in the systematic review, disagreements between the two reviewers (SG and JM) were
resolved by consensus. In case of persistent disagreement, arbitration by a third reviewer (FT) settled the
discrepancy.
Statistical analyses

A 1-year time frame was chosen because it yielded a convenient study sample. Because of the significant lag in
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study indexation, the closest complete year available at
the time of the literature search was 2013.
Continuous variables are described with median and
interquartile range (IQR). Categorical variables are
described with frequencies and percentages. Distribution
of outcomes into the six categories (patient-important
outcomes, clinical outcomes, bio/physio/radio outcomes,
care provider decision-related outcomes, care performance outcomes and others outcomes) is presented as
radar plot. For primary and secondary outcomes, distribution is presented for all outcomes and according to
three major topics.
Trial characteristics associated with the presence of at
least one patient-important outcome (primary or secondary outcome) were identified in univariate analysis,
using Chi-square test or Fisher’s test for categorical variables and Student’s test or Wilcoxon’s test for continuous
variables.
Inter-reviewer agreement was measured by the kappa
statistic for the following categorical variables: funding
source, geographical origin, intervention assessed, unit of
randomization and primary outcome category.
Statistical analysis was performed with GraphPad
Prism 5 (GraphPad Software, San Diego, USA) and SAS
version 9.3 (SAS Institute Inc, Cary, NC).

Results
Selection of articles and inter‑reviewer agreement

The electronic search identified 716 articles. Four hundred and eighty were excluded on the basis of the title
and abstract, and 124 after reading the full text. A total of
112 articles reporting RCTs in critically ill patients were
finally included and analyzed (see Fig. 1 for PRISMA flow
diagram).
Inter-reviewer agreement before consensus for categorical variables was very good [17]: The median kappa
value was 0.89 [0.83–0.95] for funding source, 0.99 [0.96–
1.00] for geographical origin, 0.83 [0.68–0.99] for unit of
randomization and 0.95 [0.91–0.99] for primary outcome
category; and good for intervention assessed (median
kappa 0.74 [0.65–0.82]).
Characteristics of the 112 RCTs

Table 1 summarizes RCTs characteristics. Mechanical
ventilation (27%), sepsis (18%) and nutrition (17%) were
the most common topics of these trials. Therapeutic
strategy (41%), drug (33%) and device (11%) evaluation
were the most frequent types of intervention.
Follow-up period was defined until a fixed time point
for 44 (39%) RCTs (median [IQR] 3 [1–6] months of follow-up), until ICU discharge for 14 (12%) RCTs and until
hospital discharge for 15 (13%) RCTs. Follow-up period
was unclear for 39 (35%) RCTs.
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Arcles idenfied
from electronic search
716

Ar cles selected aer tle and
abstract reading
236
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Excluded on the basis of tle and abstract: 480
Animals 57
Pediatrics 49
No randomisa on 121
Meta-analysis/review 95
No ICU pa ent 138
Studies protocol/Methodology 17
Case report 3

Excluded on the basis of the text 124
Phase II/Pilot/physiological cross over studies 40
No randomiza on 33
Sub-analysis 21
Post-hoc analysis 10
No ICU pa ent 8
Meta-analysis/review 6
Studies protocol/Methodology 3
No English language 2
Animals 1

Total ar cles included
112
Fig. 1 PRISMA flow diagram

Quality assessment

Quality of the trials using the risk of bias tool is shown in
Fig. 2. The absence of blinding of allocated intervention
was the most frequent methodological component introducing a high risk of bias.
Primary outcomes

Seventy-three (65%) RCTs assessed the primary outcome
after a median [IQR] fixed time point of 7 [2–28] days
(from randomization) and only 13 (12%) assessed the primary outcome beyond 30 days (Fig. 3). The other RCTs
assessed the primary outcome at ICU discharge (n = 25,
22%) or hospital discharge (n = 9, 8%). Five (4%) did not
specify the time from randomization to primary outcome
assessment.
Among the 112 primary outcomes, 27 (24%) were
patient-important outcomes. Most of them were mortality (21/27, 78%) and only 6/27 (22%) were quality of life,
functional/cognitive/neurological outcomes assessed
after ICU discharge (functional disability = 4; quality of
life = 2).
Among the 21 mortality outcomes, 18 were assessed
after a fixed time point of 28 [28–60] days. The other
three were assessed at ICU discharge. Among the
six quality of life, functional/cognitive/neurological

outcomes, two were assessed at hospital discharge and
four after a fixed time point (6, 12, 12, 14 months). Figure 4 shows the distribution of the 112 primary outcomes
and according to the three major topics (mechanical ventilation, sepsis, nutrition). Besides, 45 (40%) primary outcomes were surrogate endpoints.
Secondary outcomes

Among 598 secondary outcomes identified, 133 (22%)
were patient-important outcomes. Most of them were
mortality (92/133, 69%) and only 41 (31%) were quality of
life, functional/cognitive/neurological outcomes assessed
after ICU discharge (quality of life = 20, functional disability = 14; neurological/cognitive performance = 5;
handicap = 1; post-traumatic stress = 1).
Among the 92 mortality outcomes, 43 were assessed
after a fixed time point of 28 [28–90] days. The others
were assessed at ICU discharge (n = 26) or at hospital
discharge (n = 23). Among the 41 quality of life, functional/cognitive/neurological outcomes, 37 were assessed
at a fixed time point of 365 [319–380] days and four at
hospital discharge.
Figure 5 shows the distribution of the 598 secondary outcomes and according to the three major topics
(mechanical ventilation, sepsis, nutrition).
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Table 1 Characteristics of RCTs in critically ill adult patients
Characteristic

RCTs without any
patient-important
outcomes no. (%)

RCTs reporting at least
one patient-important
outcome no. (%)

Total–n

39

73

Public

14 (36)

42 (57)

Industry

6 (15)

8 (11)

Both public and private

18 (46)

10 (14)

Not reported or unclear

1 (3)

13 (18)

Europe

12 (31)

34 (47)

Asia

18 (46)

19 (26)

North America

4 (10)

16 (22)

Oceania

3 (8)

9 (12)

South America

2 (5)

8 (11)

Africa

0 (0)

5 (7)

International (>1 country)

0 (0)

18 (25)

Monocenter

29 (74)

33 (45)

Multicenter

8 (21)

38 (52)

Unclear

2 (5)

2 (3)

<50

16 (41)

16 (22)

50–100

7 (18)

14 (19)

100–150

6 (15)

5 (7)

150–500

7 (18)

20 (27)

>500

3 (8)

18 (25)

P value

0.04

Funding

Geographical area

0.005

Number of center(s)

0.01

Sample size

Topic of the studya
Mechanical ventilation

14 (36)

16 (22)

0.011

Sepsis

2 (5)

19 (26)

0.007
0.39

Nutrition

5 (13)

14 (19)

Infection

8 (21)

10 (14)

Hemodynamics

2 (5)

4 (5)

ARDS

2 (5)

7 (10)

Cardiac arrest

2 (5)

4 (5)

Trauma

3 (8)

3 (4)

Sedation

2 (5)

1 (1)

Acute kidney injury

1 (3)

3 (4)

Pain

2 (5)

2 (3)

Neurocritical care

1 (3)

Hematological issue

1 (3)

Rehabilitation/physical and/
or cognitive therapy

2 (5)

Metabolic disorder

1 (3)

Burns

0 (0)

1 (1)

ECMO

0 (0)

1 (1)

Electric muscle stimulation

1 (3)

Music

1 (3)

2 (3)

0.37

Type of intervention
Therapeutic strategy

14 (36)

32 (44)

Drug

13 (33)

24 (33)

Device

6 (15)

7 (10)
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Table 1 continued
Characteristic

RCTs without any
patient-important
outcomes no. (%)

RCTs reporting at least
one patient-important
outcome no. (%)

Monitoring

2 (5)

1 (1)

Diagnostic strategy

0 (0)

4 (5)

Other

4 (10)

5 (7)

Patient

35 (90)

67 (92)

Service

2 (5)

3 (4)

Time

1 (3)

1 (1)

Other

1 (3)

2 (3)

Superiority

38 (97)

70 (96)

Equivalence or non-inferiority

1 (3)

3 (4)

Fixed time point

22 (56)

41 (56)

Median months [IQR]

0.5 [0.5–1]

3 [1–9]

ICU

7 (18)

7 (10)

Hospital

3 (8)

12 (16)

Unreported

7 (18)

13 (18)

P value

0.74

Unit of randomization

1.00

Type of trial

Follow-up
0.0002

The numbers in parentheses mean the percentage; ECMO: extracorporeal membrane oxygenation
A study can appear in more than one row for geographical area
a

One study could have more than one topic

Random sequence genera on

Alloca on concealment

Blinding of allocated interven on
Low risk of bias
Unclear risk of bias

Incomplete outcome data adequately
addressed

High risk of bias

Free of sugges on selec ve outcome
repor ng

Other problems with high risk of bias

0%

20%

40%

60%

80%

100%

Fig. 2 RCTs quality assessment by risk of bias tool [16]. Methodological quality of the trials included in the systematic review assessed by six points:
random sequence generation, allocation concealment, blinding of allocation intervention, incomplete data adequately addressed, free of sugges‑
tion selective outcome reporting and other problems. Horizontal axis represents the ratio (%) distribution among “low risk of bias” (green), “high risk
of bias” (red) and “unclear risk of bias” (yellow)
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a

28

25

Paent-important
outcomes

21
Number of trials

20

22%

Others outcomes

30%

15
11

3%

9

10

2%

4

5
0

Care performance
outcomes
< 5 days

5-10 days

10-30 days

30 days-6 months

> 6 months

Fig. 3 Time from randomization to assessment of primary outcome.
This figure represents the distribution of the time from randomization
to assessment of primary outcome for the 73 RCTs that assessed the
primary outcome after a fixed time point

Paent-important
outcomes

Others outcomes

Others outcomes

24%

21%
23%

Bio/Physio/Radio
outcomes

Care provider
decision related
outcomes

b
a

Clinical outcomes

Paent-important
outcomes

30%
26%
16%

Clinical outcomes

Clinical outcomes

25%
2%
3%
Care performance
outcomes

17%

Care performance
outcomes

29%

Bio/Physio/Radio
outcomes

Paent-important
outcomes

38%
Others outcomes

26%
17%

Care performance
outcomes

Care provider
decision related

Fig. 5 Distribution of secondary outcomes. a Distribution of 598 sec‑
ondary outcomes, percentage of secondary outcomes by outcome
category, b distribution of secondary outcomes according to three
major topics (mechanical ventilation, sepsis and nutrition), percent‑
age of secondary outcomes by outcome category

Care provider
decision related
outcomes

b

Bio/Physio/Radio
outcomes

Clinical outcomes

Bio/Physio/Radio
outcomes

Care provider
decision related
outcomes

Fig. 4 Distribution of primary outcomes. a Distribution of 112
primary outcomes, percentage of primary outcomes by outcome cat‑
egory, b distribution of primary outcomes according to three major
topics (mechanical ventilation, sepsis and nutrition), percentage of
primary outcomes by outcome category

Trial characteristics associated with the presence of at least
one patient‑important outcome (primary or secondary)

Among the 112 RCTs, 73 (65%) reported at least one
patient-important outcome (primary or secondary outcomes) but only 11 (10%) reported at least one quality of
life, functional/cognitive/neurological outcomes assessed
after ICU discharge. Characteristics of these RCTs are
provided in Table 1.

Discussion
We found that, during the 1-year survey period of RCTs
performed in critically ill patients, a minority of outcomes used in these RCTs were patient-important outcomes. They accounted for 24 and 22% of primary and
secondary outcomes, respectively. Mortality accounted
for the vast majority of reported patient-important
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outcomes, whereas other patient-important outcomes
(such as quality of life, functional/cognitive/neurological outcomes assessed after ICU discharge) were
scarcely used (7% of all outcomes). Moreover, only 10%
of surveyed RCTs reported at least one patient-important
outcome besides mortality (quality of life, functional/
cognitive/neurological outcomes assessed after ICU discharge). This is at striking contrast with clinical decision
making of ICU physicians, which is felt to be in line with
these crucial outcomes. In addition, we were cautious
to retain only those RCTs for which patient-important
outcomes were reasonably expected. Indeed, studies for
which patient-important outcomes were less likely to be
present (phase II studies, pilot studies and physiological
crossover studies) were not included.
Our study is the first to explore the place of patientimportant outcomes and how well they are reported in
RCTs in critically ill patients. We derived the definition of
patient-important outcome for critically ill patients from
the definition used in other fields [3, 13, 15]. Mortality is
obviously essential, and we considered that quality of life,
functional/cognitive/neurological outcomes assessed after
ICU discharge also qualified for patient-important outcome. Indeed, the potential adverse consequences of an
ICU stay are best evaluated after ICU discharge and even
more after hospital discharge since critical illness is associated with long-term sequelae. Survivors of critical care
experience profound changes in their lives because of many
forms of deficit in one or more domains [18] of physical
[19, 20], psychological [11, 21, 22] or cognitive functioning
[22–25]. These numerous symptoms led to define the new
entity of “post-intensive care syndrome” [26].
This study is the first to use a definition of patientimportant outcomes for critically ill patients. This definition is open to criticism on two points. Firstly, it includes
exogenous measures of symptoms that may not perfectly
capture how patients feel or how symptoms impact their
overall quality of life. We could have restricted the definition to patient-reported outcomes [27]. Nevertheless,
doing this, the message of this study would have been
the same. Indeed, among the 27 primary outcomes,
which were patient-important outcomes, four were classified as functional disability and two of those were not
patient-reported outcomes. Secondly, besides mortality
outcomes, we chose to restrict the patient-important outcomes to the post-ICU period (leaving out pain, anxiety
and dyspnea which might have occurred during the ICU
stay). However, in the present systematic review, “pain,
anxiety and dyspnea in ICU” accounted for only two
(1.8%) primary outcomes and four (0.7%) secondary outcomes. If we had considered these outcomes as patientimportant outcomes, the results of this study would have
been very similar.
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To perform this systematic review, we developed an
outcome classification relevant to the context of critical care, involving six categories (patient-important outcomes, clinical outcomes in ICU and hospital, biological/
physiological/radiological outcomes, care provider decision-related outcomes, care performance outcomes and
others). A systematic review is the first step to establish
a core outcome set and our outcome classification could
help researchers to clarify the place of patient-important
outcomes in core outcome sets for future RCTs in critically ill patients. To date, there is no taxonomy of outcomes studied in critically ill patients, nor core outcome
set. This may cause inconsistencies in outcome reports
and difficulties in comparing these outcomes across studies and to combine them in systematic reviews and metaanalyses [28]. With the aim to facilitate the development
and application of agreed standardized sets of outcomes,
the Core Outcome Measures in Effectiveness Trials
(COMET) initiative was initiated in [29]. In the field of
critical care, the Core Outcomes in Ventilation Trials
(COVenT) is in progress [30]. This systematic review can
be the first step to develop other core outcome sets in
other topics of critical care and to establish a core outcome set involving patients’ opinion for future RCTs.
An inherent limitation of a systematic review of published trials is that it is performed at a given period (here
2013). The search led to identify 112 eligible RCTs, which
provides a very large panel of ICU trials and thus robust
information on the prevalence of patient-important outcomes in RCTs in critically ill patients. Many systematic reviews rely issues on a 1-year literature search [31,
32]. Our goal was to capture the most recent practices
in trials as the literature on patient-important outcomes
in other medical field and the growing interest for the
patients’ perspective may have had an impact.
Patient-important outcomes are gaining wide acceptance in some fields of clinical research [33–35]. Additionally, a recent survey from 2036 patients with diabetes
showed that most of them (>75%) chose patient-important outcomes rather than HbA1c as their first choice
for a trial primary outcome [36]. Patients understand the
reality of their condition and disease’s impact on their
lives better than physicians can do [37]. James Lind Alliance in the UK [38, 39] and the Patient-Centered Outcome Research Institute in the USA [40–43] showed
the mismatch between questions patients and clinicians
needed an answer for on the one hand and those that
were investigated by researchers on the other. This led
some opinion leaders to call for a patient revolution [44].
Patients who survive after a critical illness may experience many sequelae after ICU or hospital discharge. In
our study, only 10% of RCTs reported at least one nonmortality patient-centered outcome assessed after ICU
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discharge. It seems therefore desirable that more longterm outcomes be assessed in ICU studies.
Reasons explaining this small percentage of RCTs
assessing patient-important outcomes and in particular the impressive scarcity of outcomes assessed after
ICU discharge are diverse. One of them is the difficulty
to ascertain mean and long-term follow-up of patients.
The preference of researchers and funding agencies for
rapidly obtained results favors short-term outcomes.
This could be a shortcoming since paradoxical short- and
long-term effects after certain interventions have been
described [45, 46]. For instance, after acute myocardial
infarction flecainide decreased arrhythmias but has been
associated with increased mortality [45]. In critical illness, growth hormone improved nitrogen balance but
has been also associated with increased mortality [47].
Moreover, many proposed short-term endpoints in critical care have not been formally evaluated for surrogacy
[48] precluding any strong conclusion on the effect on
patient-important outcomes. For example, acute organ
dysfunction in ICU does not appear to have significant
long-term implications for patient-important outcomes
[49]. In our systematic review, we found that 40% of primary outcomes were surrogate endpoints.
To promote the assessment of patient-important outcomes, patients’ follow-up should be extended but this
can be hampered by logistical issues (organization of
phone call, medical consultation, etc.) which can considerably increase the costs of the study. As a result, we
found that patients’ follow-up was short since only 12%
of trials assessed primary outcomes beyond 30 days from
randomization. Patient-important outcomes were initially promoted to evaluate outcomes of chronic diseases
[13, 15] for which patients’ follow-up is easier to perform because the patient is cared for by the same medical team. This situation is quite different for critically ill
patients who are often cared for by a different team after
ICU discharge. The advent of post-ICU consultation [50]
could foster a better assessment of patient-important
outcomes by intensivists and researchers in the field.
Additionally, lengthy technical questionnaires are usually used to assess patient-reported outcomes (i.e., quality of life or functional status) after ICU discharge. This
often leads to a high proportion of non-responders that
renders interpretation more Difficult [51]. The question of
the applicability to the ICU setting of the tools used is also
raised by ICU experts: “Are existing instruments suitable
for capturing important nuances of post-ICU sequelae or
should disease-specific instruments be captured” [6].
The decisions intensivists make at the bedside aim at
both saving lives and preserving—at best—their patients’
prior quality of life. Medical research and especially RCTs
should help them to better evaluate the efficacy of their
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interventions (drug administration, therapeutic strategy
implementation or device use) on these relevant issues.
Our results indicate that outcomes of many RCTs
remained too often centered on physiological criteria
(oxygenation or hemodynamic stabilization for instance)
or assessed mortality as sole outcome of importance for
patients. This has two pitfalls: quality of life of survivors
is not assessed, and given the noticeable improvement
of vital prognosis in a number of ICU situations (ARDS
for example), many interventional studies using mortality
as primary outcome have been negative in recent years,
mandating the use of alternative outcome measures, such
as patient-important ones [48, 52, 53].

Conclusion
Our study shows that only a small number of primary
outcomes measures in recent RCTs performed in the
ICU are patient-important outcomes. To better address
patient needs, researchers should take the crucial postICU period into account in the design of future RCTs.
This is one of the challenges for future ICU research. This
paradigm shift would be in the interest of patients.
Additional file
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Abbreviations
ICU: intensive care units; RCT: randomized controlled trial; PRISMA: Preferred
Reporting Items for Systematic Reviews and Meta-Analysis; ARDS: acute respir‑
atory distress syndrome; NIHSS: National Institute of Health Stroke Score; BNP:
brain natriuretic peptide; NGAL: neutrophil gelatinase-associated lipocalin.
Authors’ contributions
StG, JM, TB and FT performed the data extraction; SyG and ED performed the
literature search; BP performed statistical analysis; StG, JM, J-DR, DD and FT
wrote and reviewed the manuscript. All authors read and approved the final
manuscript.
Author details
1
Service de Réanimation Médico‑Chirurgicale, Hôpital Louis Mourier, AP-HP,
178 rue des Renouillers, 92700 Colombes, France. 2 ECEVE, UMRS 1123,
Sorbonne Paris Cité, Univ Paris Diderot, Paris, France. 3 ECEVE, U1123, CIC
1421, INSERM, Paris, France. 4 IAME, UMR 1137, INSERM, 75018 Paris, France.
5
IAME, UMR 1137, Sorbonne Paris Cité, Univ Paris Diderot, 75018 Paris, France.
6
Département de Biostatistiques, Santé Publique et Informatique Médicale,
CIC 1421, Hôpital Pitié Salpétrière, AP-HP, Paris, France. 7 Unité de Recherche
Clinique Paris Nord, Hôpital Bichat, AP-HP, Paris, France. 8 Université Pierre et
Marie Curie, Sorbonne Universités, Paris, France.
Competing interests
The authors declare that they have no competing interests.
Availability of data and materials
Details regarding the literature search strategy and the terms used are pro‑
vided in online supplement. We fully agree to discuss and share key data with
interest individuals.
Received: 1 October 2016 Accepted: 9 February 2017

Gaudry et al. Ann. Intensive Care (2017) 7:28

References
1. Guyatt G, Montori V, Devereaux PJ, Schünemann H, Bhandari M. Patients
at the center: in our practice, and in our use of language. ACP J Club.
2004;140(1):A11–2.
2. Wittes J, Lakatos E, Probstfield J. Surrogate endpoints in clinical trials:
cardiovascular diseases. Stat Med. 1989;8(4):415–25.
3. Pino C, Boutron I, Ravaud P. Outcomes in registered, ongoing randomized
controlled trials of patient education. PLoS ONE. 2012;7(8):e42934.
4. Brower R, Matthay M, Moris A. Ventilation with lower tidal volumes as
compared with traditional tidal volumes for acute lung injury and the
acute respiratory distress syndrome. The Acute Respiratory Distress
Syndrome Network. N Engl J Med. 2000;342(18):1301–8.
5. Guerin C, Reignier J, Richard J-C, Beuret P, Gacouin A, Boulain T, et al.
Prone positioning in severe acute respiratory distress syndrome. N Engl J
Med. 2013;368(23):2159–68.
6. Angus DC, Carlet J. 2002 Brussels Roundtable Participants. Surviving
intensive care: a report from the 2002 Brussels Roundtable. Intensive Care
Med. 2003;29(3):368–77.
7. Desai SV, Law TJ, Needham DM. Long-term complications of critical care.
Crit Care Med. 2011;39(2):371–9.
8. Stevens RD, Dowdy DW, Michaels RK, Mendez-Tellez PA, Pronovost PJ,
Needham DM. Neuromuscular dysfunction acquired in critical illness: a
systematic review. Intensive Care Med. 2007;33(11):1876–91.
9. Van der Schaaf M, Beelen A, Dongelmans DA, Vroom MB, Nollet F. Poor
functional recovery after a critical illness: a longitudinal study. J Rehabil
Med. 2009;41(13):1041–8.
10. Chelluri L, Im KA, Belle SH, Schulz R, Rotondi AJ, Donahoe MP, et al. Longterm mortality and quality of life after prolonged mechanical ventilation.
Crit Care Med. 2004;32(1):61–9.
11. Davydow DS, Gifford JM, Desai SV, Bienvenu OJ, Needham DM. Depres‑
sion in general intensive care unit survivors: a systematic review. Intensive
Care Med. 2009;35(5):796–809.
12. Wake S, Kitchiner D. Post-traumatic stress disorder after intensive care.
BMJ. 2013;346:f3232.
13. Gandhi GY, Murad MH, Fujiyoshi A, Mullan RJ, Flynn DN, Elamin MB,
et al. Patient-important outcomes in registered diabetes trials. JAMA.
2008;299(21):2543–9.
14. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis proto‑
cols (PRISMA-P) 2015 statement. Syst Rev. 2015;4:1.
15. Boers M, Brooks P, Simon LS, Strand V, Tugwell P. OMERACT: an interna‑
tional initiative to improve outcome measurement in rheumatology. Clin
Exp Rheumatol. 2005;23(5 Suppl 39):S10–3.
16. Higgins JP, Green S. Cochrane handbook for systematic reviews of inter‑
ventions. London: The Cochrane Collaboration; 2008.
17. Altman DG. Practical statistics for medical research. 1st ed. London: Chap‑
man and Hall; 1991. p. 611.
18. Needham DM, Dinglas VD, Bienvenu OJ, Colantuoni E, Wozniak AW,
Rice TW, et al. One year outcomes in patients with acute lung injury
randomised to initial trophic or full enteral feeding: prospective follow-up
of EDEN randomised trial. BMJ. 2013;346:f1532.
19. Herridge MS, Cheung AM, Tansey CM, Matte-Martyn A, Diaz-Granados N,
Al-Saidi F, et al. One-year outcomes in survivors of the acute respiratory
distress syndrome. N Engl J Med. 2003;348(8):683–93.
20. Herridge MS, Tansey CM, Matté A, Tomlinson G, Diaz-Granados N, Cooper
A, et al. Functional disability 5 years after acute respiratory distress syn‑
drome. N Engl J Med. 2011;364(14):1293–304.
21. Davydow DS, Gifford JM, Desai SV, Needham DM, Bienvenu OJ. Posttrau‑
matic stress disorder in general intensive care unit survivors: a systematic
review. Gen Hosp Psychiatr. 2008;30(5):421–34.
22. Bienvenu OJ, Colantuoni E, Mendez-Tellez PA, Dinglas VD, Shanholtz C,
Husain N, et al. Depressive symptoms and impaired physical function
after acute lung injury: a 2-year longitudinal study. Am J Respir Crit Care
Med. 2012;185(5):517–24.
23. Hopkins RO, Weaver LK, Collingridge D, Parkinson RB, Chan KJ, Orme JF.
Two-year cognitive, emotional, and quality-of-life outcomes in acute res‑
piratory distress syndrome. Am J Respir Crit Care Med. 2005;171(4):340–7.
24. Mikkelsen ME, Christie JD, Lanken PN, Biester RC, Thompson BT, Bellamy
SL, et al. The adult respiratory distress syndrome cognitive outcomes
study: long-term neuropsychological function in survivors of acute lung
injury. Am J Respir Crit Care Med. 2012;185(12):1307–15.

Page 10 of 11

25. Iwashyna TJ, Ely EW, Smith DM, Langa KM. Long-term cognitive impair‑
ment and functional disability among survivors of severe sepsis. JAMA.
2010;304(16):1787–94.
26. Elliott D, Davidson JE, Harvey MA, Bemis-Dougherty A, Hopkins RO,
Iwashyna TJ, et al. Exploring the scope of post-intensive care syndrome
therapy and care: engagement of non-critical care providers and survi‑
vors in a second stakeholders meeting. Crit Care Med. 2014;42:2518.
27. Cella D, Yount S, Rothrock N, Gershon R, Cook K, Reeve B, et al. The
Patient-Reported Outcomes Measurement Information System (PROMIS):
progress of an NIH Roadmap cooperative group during its first two years.
Med Care. 2007;45(5 Suppl 1):S3–11.
28. Williamson PR, Altman DG, Blazeby JM, Clarke M, Devane D, Gargon E,
et al. Developing core outcome sets for clinical trials: issues to consider.
Trials. 2012;13:132.
29. Prinsen CAC, Vohra S, Rose MR, King-Jones S, Ishaque S, Bhaloo Z, et al.
Core Outcome Measures in Effectiveness Trials (COMET) initiative:
protocol for an international Delphi study to achieve consensus on how
to select outcome measurement instruments for outcomes included in a
“core outcome set”. Trials. 2014;15:247.
30. Blackwood B, Ringrow S, Clarke M, Marshall J, Rose L, Williamson P,
et al. Core Outcomes in Ventilation Trials (COVenT): protocol for a core
outcome set using a Delphi survey with a nested randomised trial and
observational cohort study. Trials. 2015;16:368.
31. Giraudeau B, Caille A, Le Gouge A, Ravaud P. Participant informed consent
in cluster randomized trials: review. PLoS ONE. 2012;7(7):e40436.
32. Baron G, Perrodeau E, Boutron I, Ravaud P. Reporting of analyses from
randomized controlled trials with multiple arms: a systematic review.
BMC Med. 2013;11:84.
33. Tugwell PS, Maxwell LJ, Beaton DE, Busse JW, Christensen R, Conaghan
PG, et al. Deliberative dialogue on developing consensus on measure‑
ment and presentation of patient important outcomes in systematic
reviews: a preconference meeting at OMERACT 12. J Rheumatol.
2015;42(10):1931–3.
34. Redline S, Baker-Goodwin S, Bakker JP, Epstein M, Hanes S, Hanson M,
et al. Patient partnerships transforming sleep medicine research and clini‑
cal care: perspectives from the sleep apnea patient-centered outcomes
network. JCSM. 2016;12(7):1053–8.
35. Morgans AK, van Bommel ACM, Stowell C, Abrahm JL, Basch E, Bekelman
JE, et al. Development of a standardized set of patient-centered out‑
comes for advanced prostate cancer: an international effort for a unified
approach. Eur Urol. 2015;68(5):891–8.
36. Murad MH, Shah ND, Van Houten HK, Ziegenfuss JY, Deming JR, Beebe TJ,
et al. Individuals with diabetes preferred that future trials use patientimportant outcomes and provide pragmatic inferences. J Clin Epidemiol.
2011;64(7):743–8.
37. Young K. Doctors’ understanding of rheumatoid disease does not align
with patients’ experiences. BMJ. 2013;346:f2901.
38. Petit-Zeman S, Firkins L, Scadding JW. The James Lind Alliance: tackling
research mismatches. Lancet Lond Engl. 2010;376(9742):667–9.
39. Partridge N, Scadding J. The James Lind Alliance: patients and clinicians
should jointly identify their priorities for clinical trials. Lancet Lond Engl.
2004;364(9449):1923–4.
40. Selby JV, Beal AC, Frank L. The Patient-Centered Outcomes Research Insti‑
tute (PCORI) national priorities for research and initial research agenda.
JAMA. 2012;307(15):1583–4.
41. Frank L, Basch E, Selby JV. Patient-Centered Outcomes Research Institute.
The PCORI perspective on patient-centered outcomes research. JAMA.
2014;312(15):1513–4.
42. Frank L, Forsythe L, Ellis L, Schrandt S, Sheridan S, Gerson J, et al. Concep‑
tual and practical foundations of patient engagement in research at the
patient-centered outcomes research institute. Qual Life Res Int J Qual Life
Asp Treat Care Rehabil. 2015;24(5):1033–41.
43. Newhouse R, Barksdale DJ, Miller JA. The patient-centered outcomes
research institute: research done differently. Nurs Res. 2015;64(1):72–7.
44. Richards T, Montori VM, Godlee F, Lapsley P, Paul D. Let the patient revolu‑
tion begin. BMJ. 2013;346:f2614.
45. Echt DS, Liebson PR, Mitchell LB, Peters RW, Obias-Manno D, Barker AH,
et al. Mortality and morbidity in patients receiving encainide, flecainide,
or placebo. The Cardiac Arrhythmia Suppression Trial. N Engl J Med.
1991;324(12):781–8.

Gaudry et al. Ann. Intensive Care (2017) 7:28

46. Hébert PC, Wells G, Blajchman MA, Marshall J, Martin C, Pagliarello G,
et al. A multicenter, randomized, controlled clinical trial of transfu‑
sion requirements in critical care. Transfusion Requirements in Critical
Care Investigators, Canadian Critical Care Trials Group. N Engl J Med.
1999;340(6):409–17.
47. Takala J, Ruokonen E, Webster NR, Nielsen MS, Zandstra DF, Vundelinckx
G, et al. Increased mortality associated with growth hormone treatment
in critically ill adults. N Engl J Med. 1999;341(11):785–92.
48. Angus DC, Mira J-P, Vincent J-L. Improving clinical trials in the critically ill.
Crit Care Med. 2010;38(2):527–32.
49. Clermont G, Angus DC, Linde-Zwirble WT, Griffin MF, Fine MJ, Pinsky
MR. Does acute organ dysfunction predict patient-centered outcomes?
Chest. 2002;121(6):1963–71.

Page 11 of 11

50. Dettling-Ihnenfeldt DS, De Graaff AE, Nollet F, Van Der Schaaf M. Feasibil‑
ity of Post-Intensive Care Unit Clinics: an observational cohort study of
two different approaches. Min Anestesiol. 2015;81(8):865–75.
51. Tian ZM, Miranda DR. Quality of life after intensive care with the sickness
impact profile. Intensive Care Med. 1995;21(5):422–8.
52. Ospina-Tascón GA, Büchele GL, Vincent J-L. Multicenter, randomized,
controlled trials evaluating mortality in intensive care: doomed to fail?
Crit Care Med. 2008;36(4):1311–22.
53. Aberegg SK, Richards DR, O’Brien JM. Delta inflation: a bias in the design
of randomized controlled trials in critical care medicine. Crit Care Lond
Engl. 2010;14(2):R77.

