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ABSTRACT

Objective:  Many recent  randomized controlled trials  (RCTs) in  the field  of  septic  shock

failed to demonstrate a benefit on mortality. RCTs increasingly report organ support duration

(OSD) and organ support-free days (OSFD) as primary or secondary outcomes. We conducted

a methodological systematic review to assess how organ support outcomes were defined and

reported in septic shock RCTs.

Data sources: MEDLINE via PubMed, EMBASE, Cochrane Central Register of Controlled

Trials and Web of Science.

Study selection:  We included RCTs published between January 2004 and March 2018 that

involved  septic  shock  adults  and  assessed  OSD and/or  OSFD for  hemodynamic  support,

respiratory support or renal replacement therapy (RRT).

Data  extraction:  For  each  RCT,  we  extracted  the  definitions  of  OSD  and  OSFD.  We

particularly evaluated how non-survivors were accounted for. Study authors were contacted to

provide any missing information regarding these definitions.

Data synthesis: We included 28 RCTs. OSD and OSFD outcomes were reported in 17 and 15

RCTs, respectively, for hemodynamic support, 15 and 15 for respiratory support, and 5 and 9

for  RRT. Non-survivors were included in  the OSD calculation in 13/14 RCTs (93%) for

hemodynamic  support  and  9/10  (90%)  for  respiratory  support.  The  OSFD  definition  for

hemodynamic support, respiratory support and RRT was reported in 6/15 (40%), 8/15 (53%)

and 6/9 (67%) RCTs reporting an OSFD outcome, respectively. Of these, one half assigned

“0” to non-survivors and the other half attributed one point per day alive free of organ support

up to a predefined time point. 
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Conclusions:  This  study  highlights  the  heterogeneity  and  infrequency  of  OSD/OSFD

outcome reporting in septic  shock trials.  When reported,  the definitions of these outcome

measures and methods of calculation are also infrequently reported, in particular how non-

survivors were accounted for, which may have an important impact on interpretation.
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Introduction

Considered as providing the highest level of evidence to evaluate the efficacy of healthcare

interventions,(1) randomized controlled trials (RCTs) in the field of septic shock frequently

define  mortality  as  the  primary  outcome.  Short-term  mortality  is  deemed  as  the  most

clinically relevant outcome in this setting and is considered unbiased. However, large RCTs

evaluating new therapies almost all failed to demonstrate an improvement in mortality, which

may be partly explained by the decrease in septic shock mortality observed during the last

decades.(2–7) Many  RCTs  in  the  field  of  septic  shock  lack  sufficient  power  to  detect  a

treatment effect when using mortality as primary outcome because sample size calculations

are frequently based on unrealistic mortality improvement or predicted control-arm mortality

rates.(3) The mortality outcome is also criticized because of the different time points reported,

so  comparisons  across  trials  are  difficult;  the  lack  of  ability  to  provide  insight  into

mechanisms  of  intervention;  and  the  underreporting  of  end-of-life  decisions,  which  may

influence the results.(8, 9)

As a consequence, RCTs of septic shock increasingly consider other outcomes such as organ

support  duration  (OSD)  and  organ  support-free  days  (OSFD)  as  primary  or  secondary

outcomes.  Organ  support  durations  should  be  interpreted  carefully  because  patients  with

increased risk of death may have a short OSD because of the competing risk of death.(8, 10)

To address this issue, the outcome OSFD, which combines mortality and organ support over a

specific time period, emerged in the 1990s and was found statistically valid for a smaller

sample size.(11–14) OSFD was first used with ventilation-free days and then extrapolated to

vasopressor and renal replacement therapy. It was initially defined as the number of days alive

and free of mechanical ventilation.(12) However, various methods were reported to define

ventilator-free days in acute lung-injury RCTs.(15)
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In this study, we aimed to evaluate in septic shock RCTs, 1) the frequency of OSD and OSFD

outcomes reported; 2) the frequency of OSD and OSFD definitions reported; and 3) the 

variability in methods by which non-survivors are accounted for in OSD and OSFD 

calculations.
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Methods

Design

We  performed  a  methodological  systematic  review  reported  according  to  the  PRISMA

statement.(16)

Search strategy 

We  searched  MEDLINE  via  PubMed,  Web  of  Science,  Cochrane  Central  Register  of

Controlled Trials (CENTRAL) and EMBASE using a strategy relying on algorithms adapted

to each database including specific key words (MeSH terms for MEDLINE and Emtree terms

for EMBASE) and free text words. The search equations were developed in collaboration

with two librarian experts (see Supplemental Digital  Content 1 for search equations).  We

restricted our search to beginning in 2004 because it was the year of publication of the first

Surviving Sepsis Campaign guidelines publication.(19)

The search was initially conducted on April 2016. We manually updated this search in March

2018 for the period from April 2016 to March 2018.

We also screened all reference lists and citing articles for additional studies.

Article eligibility criteria

We included articles written in English reporting results of a RCT in an intensive care unit

setting that involved adults with septic shock and assessed OSD and/or OSFD for at least one

of the following organ supports:
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 Hemodynamic  support  defined  as  vasopressor  requirement  (generally

norepinephrine as recommended in the Surviving Sepsis Campaign guidelines)

 Respiratory support defined as invasive mechanical ventilation support

 Renal support defined as continuous or intermittent renal replacement therapy

We retained septic  shock criteria  according to  the published consensus definition(18,  19)

corresponding  to  suspected  or  confirmed  infection  complicated  by  at  least  1  organ

dysfunction and vasopressor requirement after adequate fluid expansion. We did not consider

the  updated  definition  proposed  by  Singer  and  colleagues  because  it  was  published  too

recently.(20) These choices were made to have a more homogeneous sample of RCTs in

accordance with the consensus definition available during our period of recruitment.

We excluded pediatric trials as well as post-hoc analyses and ancillary studies of RCTs.

Selection process

After  removing duplicates,  2  investigators (SB and PH) independently screened titles and

abstracts  and  then full  texts  to  identify  eligible  articles.  Disagreements  were  resolved by

discussion with the help of a third investigator (BG) whenever necessary to reach consensus.

Data collection

The following characteristics were collected in a standardized data extraction form:

- General  characteristics:  date  of  publication,  journal,  period  of  recruitment,  study

duration, countries, whether the trial was single-center or multicenter, and sample size

- Population characteristics: septic shock definition, inclusion criteria
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- Interventions evaluated in the experimental and control groups

- Primary and secondary outcomes

- Quality of reporting by using the items of the CONSORT statement(21), which we

graded as completely, incompletely or not reported. 

- Risk of bias by the Risk of Bias tool developed by the Cochrane Collaboration(22).

We evaluated selection, performance, detection, attrition and reporting bias.

Quality of reporting and risk of bias were systematically evaluated independently by the two

investigators (SB and PH) with the help of a third investigator (AD) whenever necessary to

reach consensus.

Organ support duration or organ support-free days 

For  each  OSD endpoint,  we  evaluated  the  organ  concerned,  whether  the  definition  was

reported and whether the OSD evaluation concerned only alive patients or also included non-

survivors and if so, whether non-survivors were censored in the analysis or not.

For each OSFD endpoint, we evaluated the organ concerned, whether a definition and the

method used to calculate OSFD were reported and how non-survivors were accounted for.

Specifically, we evaluated whether non-survivors were attributed one point per day alive free

of  organ  support  up  to  the  predefined  time  point  or  whether  they  were  systematically

attributed a “0” value. 

We also collected from each trial  the value  of  OSD and OSFD in the control  group for

hemodynamic support, respiratory support and renal replacement therapy.
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This  evaluation  was  performed  in  duplicate  (SB and  PH)  with  disagreements  solved  by

discussion.  In  case  of  missing  or  unclear  data,  we  systematically  contacted  the  principal

investigator of the trial by email to request further information.

On the basis of a  reviewer’s comments,  we  a posteriori reviewed all  included studies  to

explore whether end-of-life decisions and withdrawal of organ support therapy were reported

and how they may affect the results of OSD and OSFD. 

Statistical analyses

Agreement between the two investigators for article screening was assessed by the Cohen

Kappa coefficient; a Kappa coefficient 0.60 to 0.74 was considered good and ≥ 0.75 very

good (23).

The  analysis  was  mainly  descriptive,  involving  frequencies  (%)  for  categorical  data  and

median (Q1-Q3) for quantitative data. We graphically represented OSD and OSFD in the

control group for each RCT by type of organ support by using forest plots. We performed this

for only control groups because we assumed that the results  would be comparable across

studies. We did not consider experimental groups because the type of interventions evaluated

differed greatly across trials and may have biased the results.

All analyses were conducted using R v3.3.0 (R foundation for Statistical Computing, Vienna,

Austria).
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Results

Selection of articles and inter-reviewer agreement

The literature search identified 2782 records, and 183 articles were screened on the basis of

the full text.  Among 109 septic shock RCTs meeting the inclusion criteria, 28 (26%) reported

OSD or OSFD as outcomes, which represents our final sample (Figure 1) (24–51). 

Agreement for full-text eligibility between the two investigators was good (Kappa=0.70 (95%

CI 0.54-0.84)).

Characteristics of the 28 included RCTs

As described in Supplemental Table 1 (Supplement Digital Content 2), 16 trials (57%) were

multicenter; 5 were multinational studies. Nineteen trials investigated a drug intervention, 8

explored a bundle of care or a therapeutic strategy and 1 tested a device for catecholamine

weaning.

The  septic  shock  definition  and  inclusion  criteria  reported  were  mainly  based  on  1992

guideline criteria including the presence of suspected or confirmed infection with at least one

organ  failure  and  vasopressor  requirement  after  volume  expansion.  In  addition,  3  trials

included mechanical ventilation in the eligibility criteria; 1 trial, the presence of acute kidney

injury ≥ INJURY stage of the RIFLE classification;  1,  requirement for renal  replacement

therapy; and 1 was restricted to cirrhotic patients. 

Mortality was defined as the primary outcome in 16 trials, although using 4 different time

points (day 28 in 8 trials, day 60 in 1, day 90 in 6 and hospital mortality in 1). Six trials

reported OSD or OSFD as the primary outcome. Four trials defined other primary outcomes
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(total fluid expansion, difference in vasopressin concentration, decrease in vasopressor dose

and kidney failure-free days during the 28-day period)  and 2 did not  define any primary

outcome.  All  the  28 RCTs were  negative  for  the primary-outcome superiority  hypothesis

except the APROCCHSS trial (90-day all-cause mortality)(43), the Oppert at al. study (time

to vasopressor support cessation)(45),  the Boussekey et al. study (decrease in  vasopressor

dose)(47) and the Zabet et al. trial (vasopressor dose and duration)(51).

Quality of reporting and risk of bias

Quality of reporting for the 25 CONSORT statement items is described in Supplement Digital

Content 3. The CONSORT items were generally well reported except the item concerning the

availability of the protocol, which was reported for 12 RCTs (43%), and the reporting of the

study design in the title, which was reported for 13 RCTs (46%). 

Risk of bias evaluation (see Supplement Digital Content 4) revealed a high risk of bias for the

blinding of participants and personnel (18 RCTs, 64%). Risk of bias was generally low for

random  sequence  generation  (22  RCTs,  79%),  allocation  concealment  (19  RCTs,  68%),

blinding of outcome assessment (21 RCTs, 75%), incomplete outcome data (19 RCTs, 68%)

and selective reporting (20 RCTs, 71%).

OSD and OSFD

The cumulative number of RCTs assessing OSD or OSFD by year of publication during the

studied period is in Figure 2, showing no particular time trend in the reporting of OSD and

OSFD. Five studies reported OSD or OSFD for one organ support, 9 studies for 2 organ

supports and 14 for 3 organ supports.
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Table 1 summarizes the qualitative analysis of OSD and OSFD in the 28 included trials (see

Supplemental  Table  2,  Supplemental  Digital  Content  5,  which  presents  OSD and  OSFD

information  for  each  RCT).  For  23  RCTs,  we  contacted  the  investigators,  who  provided

missing information for 16. Regarding OSD, 5/17 (29%), 4/15 (27%) and 1/5 (20%) trials for

hemodynamic,  respiratory  support  and  renal  replacement  therapy,  respectively,  reported

whether OSD concerned non-survivors and alive patients together or separately. According to

the  information  provided  by authors  after  e-mail  contact,  OSD calculation  included  non-

survivor  measurement  in  13/14  (93%)  trials  for  hemodynamic  support,  9/10  (90%)  for

respiratory support and 1/3 (33%) for renal replacement therapy. Overall, 7/13 (54%) studies

for hemodynamic OSD and 4/9 (44%) for respiratory OSD censored non-survivors by Kaplan

Meier  curves  or  competing  risk  analysis.  In  one  study,  authors  censored  at  60  days  the

duration of hemodynamic, respiratory and renal OSD measurement(39) and in 2 studies, the

authors  censored  at  28  days  the  duration  of  hemodynamic  support  measurement(46) and

duration of respiratory support(48).

The  definition  of  OSFD  was  reported  in  6/15  (40%),  8/15  (53%)  and  6/9  (67%)  trials

reporting  an  OSFD  outcome  for  hemodynamic  support,  respiratory  support  and  renal

replacement therapy, respectively. Concerning non-survivors, 7/13 (54%), 7/14 (50%) and 4/9

(44%) trials systematically assigned “0” to non-survivors, whereas the other studies attributed

one point per day alive free of organ support. The timing of measurements varied across trials,

with 4 different time points used for hemodynamic OSFD (days 7, 28, 30 and 90), 3 for

respiratory (days 28, 30 and 90) and 2 for renal OSFD (days 28 and 90).

The values for OSD and OSFD in the control groups showed marked heterogeneity across

trials without the same definition of OSD/OSFD (see Supplemental Figure 1, Supplemental

Digital  Content  6)  but  also  among  RCTs  sharing  the  same  definition,  which  might  be
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explained  by  other  factors  such  baseline  characteristics  or  post-randomization  co-

interventions.

End of life decision and withdrawal of organ support therapy

Five studies reported these elements, with important differences across studies ranging from

do not resuscitate orders in case of cardiac arrest to decision to withhold or withdraw active

treatment  (See  Table  1,  Supplemental  Digital  Content  2).  Because  of  this  heterogeneous

information, we were unable to analyze how this may affect the quantitative results of OSD

and OSFD.
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Discussion

In this methodological review of 28 RCTs of septic shock published from 2005 to 2018, we

found that the quality of reporting of OSD and OSFD outcomes was suboptimal. How OSD

and  OSFD  were  calculated  was  frequently  not  defined  in  the  articles.  After  obtaining

information from authors, we found high heterogeneity in methods used across studies. OSD

frequently included non-survivors, which could result in an apparent lower OSD because of

the competing risk of death. The OSFD definition varied among studies by the time point of

measurement and the weight attributed to death, but this last point was also rarely reported in

articles. 

Our results are consistent with a methodological review of acute respiratory distress syndrome

studies showing that definitions of ventilation duration and ventilator-free days were reported

in only 25% and 64% of trials, respectively. The definition of ventilator-free days was also

heterogeneous across trials(52). 

Such observations raise important concerns. The interpretation of results is difficult because

the definition used may influence the results. Also, comparison of results between studies and

their combination in a meta-analysis is challenging(53). Heterogeneity in the definitions and

poor reporting cannot facilitate the planning of future trials, with possible misleading sample

size calculation depending on the hypotheses and methods used.  

OSD should not be estimated independent of mortality. Death is a competing event when

evaluating organ support weaning and consequently organ support duration. Accounting for

death in OSD may result in misleading evaluations of treatment effect. For example, if an

intervention is associated with increased risk of early death, there will be an apparent benefit

with lower OSD because of these early deaths.  OSFD validity may also be discussed. From a

statistical point of view, if OSFD as a composite endpoint allows for reducing the sample size
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requirement, several conditions limit its validity. Indeed, because organ support duration and

mortality are assigned an equal weight, endpoint components should have similar frequency

and similar importance to the patient and also similar treatment effect.(14, 54, 55) Attributing

a score of “0” to non-survivors will give more weight to death and may be more clinically

relevant.  However,  we  lack  empirical  evidence  of  the  consequences  of  these  choices  on

treatment effects.  Such evidence would be helpful  to define the most  relevant method to

estimate OSFD.

Implications for investigators and clinicians

Any intervention  tested  in  a  septic  shock  RCT  may  evaluate  mortality  or  other  patient-

important outcomes such as quality of life, but organ support outcomes are also required to

understand the clinical significance of the intervention.(9, 56) Such outcomes may also be

particularly useful in the context of benchmarking or cost-analysis study. As a consequence,

and  given  the  heterogeneity  of  OSD/OSFD  we  highlight,  there  is  a  need  for  a  specific

consensus on standardized outcomes definitions and guidance for protocols in septic shock

RCTs.  Establishing  a  core  set  of  outcomes as  promoted by the  Core Outcome Measures

Effectiveness  Trials  (COMET)  initiative  (http://www.comet-initiative.org)  and  systematic

reporting  of  the  OSD/OSFD  definitions  used  in  septic  shock  trials  could  improve  the

interpretation of results and enable comparisons between trials and their combination in meta-

analysis.  In  parallel,  the  US National  Heart,  Lung  and  Blood  Institute  also called  for  a

standardization of endpoints definitions in acute lung injury trials.(54) Although future studies

including simulation studies are needed to elaborate evidence-based recommendations,  we

could reasonably recommend not using OSD as an outcome because of the concerns raised.

Including non-survivors in the OSD calculation is inappropriate because of the competing risk
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of death, whereas reporting OSD only in survivors gives a partial picture. OFSD outcomes

seem more appropriate because they account for both organ support duration and death. We

recommend attributing “0” to non-survivors to give more weight to this major event, which is

consistent with other authors.(15) We also recommend that RCT researchers transparently

report the definition used, in particular how non-survivors were taken into account.

Although we focused on septic shock trials, the problems we identified may concern other

domains of critical care medicine, for which this discussion may be of interest.

Limitations

We limited our search to trials published between 2004 and 2018. However, the inclusion of

the oldest studies may have introduced heterogeneity in organ-support standard of care, not

representative of current  practice.  We did not  investigate another  potential  bias related to

OSD and OSFD, which is the use of various definitions of support weaning such as tracheal

tube removal.(15) Protocols to conduct organ support withdrawal and time from when organ

support withdrawal is considered effective are rarely reported in septic shock RCTs. Finally,

because we found different time points for OSFD (days 7, 28, 30 and 90), some studies likely

censured OSD after time points not reported in the methodology. Only 3 studies reported

censuring OSD at day 28 or 60, which could also be another limitation of OSD validity that

we did not explore. 

Conclusion

This methodological review highlights the heterogeneity and incomplete reporting of OSD

and OSFD definitions in septic shock RCTs, which raises concerns about the validity and

interpretation of results. These outcomes, among others, such as mortality and quality of life,
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are still needed in the field of septic shock RCTs to increase our knowledge of the efficacy of

interventions and therefore minimize the burden of septic shock. Simulation studies to explore

the best definition for OSFD and a consensus on a core outcome set to be reported could help

improve the planning and interpretation of septic shock RCTs. 
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