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Do trials that report a neutral or negative
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treatment effect improve the care of critically ill

patients? No
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Randomized controlled trials (RCTs) with appropriate
question selection, careful subject enrollment, adequate
powering and assiduous execution of a well-designed
protocol can provide convincing data that improve the
strength of the evidence base guiding practice. How-
ever, many RCTs conducted in intensive care medicine
have resulted in no significant differences in primary
outcomes between the tested groups. This is particu-
larly true for trials targeting mortality. Because patients
in RCTs in critical care medicine—and patients in inten-

sive care units (ICUs)—have wide variability in their risk
of death, these patients will also have 'wide variability in
e absolute benefit that they can derive from a given

therapy, If the adverse effects of the therapy are not per-
fectly aligned with the treatment benefits, this will result
in heterogeneity of the treatment effect, wherein differ-
ent patients experience quite different and often unex-
pected results from therapy. As a consequence, in a nega-
tive RCT, there are patients who experience benefit and
o mod
result. Therefore, the mdo no+1§rovide a definitive
answer to the study W or enable reliable guid-
ance or recommendations to be developed. Indeed, these
negative clinical trials seldom convey useful information
beyond that stemming from an examination of their sub-
groups, their possibly inopportune assumptions and their
deficiencies of design.
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Why are so many RCTs in critically ill patients nega-
tive? First, most studies use all-cause mortality as the
targeted outcome,mth, per-
haps especially in ICU patients, ismd can
be influenced by multiple elemen%s, including comor-
bidities, treatment choices, personal preferences and
other unaccounted factors that can blur the effects of the
intervention. Moreover, the intervention may be effective
but not influence the overall mortality of the group. Sur-
rogate or intermediate endpoints that are better indica-
has been shown to be true in studies on the management
of acute respiratory failure [1] and optimal nutritional
support.

Second, we should remember that the comparison
between groups of an RCT tests whether any observed
difference cannot be explained statistically by chance
alone (rejects the null hypothesis). To achieve this pur-
pose, the patient population must be carefully selected,
and there must be a clear rationale for a difference to be
expeM—an element that is often missed during trial
design. The risk of type II error in RCTs is not the only
issue. Indeed, in most negative trials, there was not even
a suggestion of a positive outcome. Ability to indicate a
difference between groups is morem
severity, especially when a reduction in mortality is the
target [2]. These issues are well illustrated by two recent
trials on the use of corticosteroids in septic shock. One
(the ADRENAL study) reported no difference in mortal-
ity when the jplacebol group mortality| rate was M (31,
but the other (the APROCCHSS study) showed a signifi-
cant difference when the jplacebo group mortality rate
was 49% [4]. The ADRENAL trial [3] enrolled patients
at a rate approximately five times higher than other large
trials in septic shock, but only about half the patients
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Box 1 Some perceived benefits that motivate clinicians
to participate in large multicenter randomized controlled
trials (RCTs)

Scientific (to address an important question)
Practical/pragmatic (benefit for patient care)
Financial (benefit for the department)

Political (benefit for the hospital/group)
Academic (for individual recognition/promotion)
Societal (benefit for society)

were receiving significant doses of norepinephrine, and

e negative results of a large RCT testing a precise
question with clear and rational alternatives, appropriate
patient selection, and thoughtful design and execution
have clear potential to yield more informative results.
Unfortunately, such criteria are seldom met in critical

biomarker identification may eventually help in patient
identification and selection, but we are not there yet. To
improve outcomes in complex critically ill patients with
these syndromes, the underlying causative disease must
be taken into consideration. As an

with fewer comorbidities. These negative results could

be incorrectly interpreted as meaning that the blood

pressure level is not important in septic shock and that

all patients can be left with a mean arterial pressure of
; clearly this is not appropriate.

interpretation
of a negative trial may have serious consequences for
patient care and for the advancement of our field. This
is also illustrated by RCTs supporting restrictive strate-
gies on blood transfusion in critically ill patients. The
randomization of patients according to hemoglobin
thresholds in those influential studies should be viewed
as suboptimal, as it is clear that the

H including underlying !_ [6].
n these studies on transfusion, enrollment rates were

quite low, largely because physicians preferred to trans-
fuse some patients who may have been study candidates
but for whom they considered ethical or scientific equi-
poise was not present. Hence, these enrolled patients
may actually not have needed a blood transfusion and
were unlikely to benefit. Similarly, the

ence of an impact on patient outcome, some clinicians
became skeptical about the need for central venous cath-
eters and

ecause negative trials carry serious and often unin-
tended consequences, there is a pressing need to address
the major problems in design and execution before under-
taking them. For example, authorities and decision-mak-
ers may use the results of negative trials to justify avoiding
the costs of sporadically useful but unproven interven-
tions. This is why the need to conduct RCTs for extracor-
poreal membrane oxygenation has generated so
[8]; a clinical may

of this potentially lifesaving procedure.
e viewpoint of industry, negative RCTs decrease
enthusiasm to develop new medications for sepsis, and
the idea that critical care is a very difficult area in which
to perform clinical trials is becoming increasingly estab-
lished, limiting investment in this field of research.

eparating heterogeneous patient populations into only
two groups for the purposes of an RCT is a rather sim-

patients is
than one may think an
the needs of the_ rather than to heterogeneous
groups of patients. In a sense, it is reassuring that nega-
tive RCTs ici
and the nee
nosography of critical illness is still in its infancy, and we
need to include appropriate biomarkers in our evalua-
tions. We need to choose therapies according to the spe-

cific needs of individual patients and not offer the same
treatments for all.
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Introduction

Over the last half-century, the emergence and evolution
of critical care has made possible the conduct of incredi-
bly complex lifesaving surgery and the recovery of untold
thousands of critically ill medical patients who previ-
ously had no chance of survival [1]. Despite this success,
most interventions delivered to critically ill patients were
m or “borrowed”
from other settings, e.g., positive pressure ventilation
from the operating room and fluid resuscitation from the
infirmaries and battlefields of the world wars. While this
approach was entirely appropriate in the early days of our
specialty, it is now clear that many standard practices of
the past, and some new ones, harmed the very patients
they were designed to help. We know this predominantly
because academic researchers have designed and con-
ducted high-quality, robust, pragmatic randomised clini-
cal trials (RCTs); many of the trials that have improved
treatment effects.

Clinical trials in critical care

The conduct of RCTs in critical care is challenging;
patients are rarely able to give or withhold consent, diag-
nosis may be unclear early in the clinical course, making
complex inclusion criteria difficult to apply, interven-
tions are often time-critical, and the natural trajectory
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of critical illness is incredibly variable. Although clinical
trial methodology is continually evolving with exciting
new methods such as adaptive and platform trials being
brought to bear [2, 3],$high—quality evidence comes
from traditional indivmm or [cluster [RCTs, which, sim-
plistically, can be divided into [efficacy and effectiveness
trials [4]. Efficacy trials are designed to answer the ques-
tion, fDoes this intervention work in the |ideal patient
population in the lideal circumstances?” Efficacy trials
typically use|complex inclusion and exclusion criteria and
are the appropriate design when investigating the likely
impact of a new intervention [4]. Efficacy trials sacrifice
the ability to apply their results to real-world practice in
pursuit of imaximal| internal validlﬁ. In contrast, effec-
tiveness trials; also called [pragmatic trials, are designed
to determine the effect of an intervention when it is used
in more a diverse population or gqical clinical settings
[5]. Notable features include |simplified [inclusion and
exclusion criteria that seek to /maximise |generalisability
and thus to understand the true impact of new and estab-
lished treatments on outcomes important to patients [5].

The impact of trials that demonstrate harm

On this background it is both rational and essential to test
as many of the interventions used in critical care as pos-
sible. Priority should be given to interventions that are
used for to many patients, interventions that are costly
or labour intensive and those for which there is insuffi-
cient evidence to reliably estimate the balance between
benefit and harm. That the [risk of us causing harm to
our patients is real is confirmed by a recent systematic
review that reported on RCTs in critical care in which
the intervention studied significantly affected mortality;
mortality was increased by half the interventions studied
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Table 1 and/or clinical practice

In general ICU patients with anaemia, the use of a lower vs. higher Hb-threshold for -blood-in ICU patients reduces stress on transfusion services

fRIGE 1 1)

Low-dose doparmine (12]
SAFE[13)

[RENAT (141

[PROWESS sHOCK [15]
fRISS (161

transfusion did not affect 30-day mortality

In ICU patients with SIRS and early renal dysfunction, the use of dopamine vs. pla-
cebo did not affect renal dysfunction

In general ICU patients, the use of albumin vs. saline did not affect mortality or any
other outcomes

In ICU patients with AKI, higher vs. lower intensity CRRT did not reduce mortality at
90 days

In ICU patients with persistent septic shock, the use of APC vs. placebo did not
affect mortality or any other outcome

In ICU patients with septic shock and anaemia, the use of a lower vs. higher Hb
threshold for transfusion did not affect mortality or any other outcome

In ICU patients with anaemia, fresher vs. standard issued or older blood did not
affect mortality

In patients with septic shock in the emergency department, early goal-directed
therapy vs. usual care did not affect mortality or any other outcome

In unconscious adult survivors of out-of-hospital cardiac arrest targeted tempera-
ture management at 33 °C versus 36 °C did not improve mortality or neurological
recovery

Use of- may be-in general ICU patients if not beneficial as later

studies showed use of dopamine was associated with increased adverse effects

The use of- may be-in general ICU patients,-scarce-
intensity- may be-in ICU patients—signiﬁcant-
-removed from market,-risk of_complication and saving

money

_ patients with septic shock reducing stress on transfusion

services

Th
sion services

The use of]

n ICU patients, reducing stress on transfu-

n patients with septic shock—economic
benefits and avoidance of potentially harmful protocolised interventions

s_ meaning less intense therapy, use of less sedation
and making earlier neurological prognostication possible

AKl acute kidney injury, CRRT continuous renal replacement therapy, Hb haemoglobin, SIRS systemic inflammatory response syndrome
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[6]. Notably critical trials that report harm are generally
of higher quality, being more likely to be multi-centred
and blinded and have [larger sample jsizes [7]. Impor-
tantly, many interventions shown to be ‘harmful in high-
quality trials were in regular clinical use at the time of
testing, including high-frequency oscillatory ventilation
[8], hydroxyethyl starch [9] and intensive glucose con-
trol [10]. In reaction to these results, clinicians, guideline
writers and regulators have taken actions to reduce the
use of harmful interventions and thus to improve out-
comes for our patients.

The impact of trials that report a neutral treatment
effect

A positive, a neutral and a negative result for a given
test of intervention X vs. intervention Y will be highly
informative for clinicians, those writing clinical practice
guidelines and policy-makers and healthcare funders
provided the research is of high quality and free from
significant risk of bias. The results of robust pragmatic
trials allow everyone to change clinical practice with con-
fidence. Some of the many RCTs with neutral results that
have allowed us to provide better and more cost-effective
care are listed in Table 1.

Simplifying critical|care

Trials reporting neutral or negative treatment effects are
important in the process of simplifying critical care as
they show us|what not to do: As many standard critical
care interventions and therapeutic targets are being chal-
lenged, simplifying care becomes increasingly rational
from the patient, organisational and financial perspec-
tive. Doing less may improve patients’ outcomes, reduce
the number of drug interactions and adverse events and
save money. Doing less allows us to focus our efforts on
what is [important to patients, notably to reduce pain,
anxiety, thirst, breathlessness and other distressing symp-
toms. Additionally, simplification will harmonise care,
which will facilitate staff training. Simple care will form
a cleaner baseline for observational and interventional
research and thereby increase the likelihood of develop-
ing new diagnostics, risk scores and interventions that
will be useful for future patients.

Summary
While it is tempting to be disappointed when an RCT
reports that a new or established treatment does not
have demonstrable beneficial effects, or even harms our
patients, such information is critical and has undoubtedly
contributed to the improved outcomes now experienced
by critically ill patients. We must stop characterising
such results as “negative trials” and instead [celebrate the
nowledge they provide and encourage all critical care

practitioners to incorporate that knowledge into their
decision making at the bedside.

Author details

! Department of Intensive Care, Rigshospitalet, University of Copenhagen,
Copenhagen, Denmark. > Malcolm Fisher Department of Intensive Care
Medicine, Royal North Shore Hospital, The George Institute of Global Health,
University of New South Wales, Sydney, NSW, Australia.

Compliance with ethical standards

Conflicts of interest

AP is member of the steering committee and Danish national investigator
of the Sepsis Act vasopressin trial in septic shock sponsored by Ferring Phar-
maceuticals; his department is reimbursed for his time. The department also
receives research funds from Fresenius Kabi for the EAT-ICU nutrition trial and
CSL Behring for the INSTINCT trial on immunoglobulins for NSTI. The George
Institute for Global Health, as SF's academic institution, has received research
grants and reimbursement of travel expenses and payment for SF's time as a
consultant from Baxter Healthcare, Bristol Myers Squibb, CSL Bioplasma and
Fresenius Kabi.

Received: 27 February 2018 Accepted: 5 March 2018
Published online: 11 June 2018

References

1. Finfer S, Vincent JL (2013) Critical care—an all-encompassing specialty. N
Engl J Med 369:669-670

2. Berry SM, Connor JT, Lewis RJ (2015) The platform trial: an efficient strat-
egy for evaluating multiple treatments. JAMA 313:1619-1620

3. Meurer WJ, Lewis RJ, Berry DA (2012) Adaptive clinical trials: a partial
remedy for the therapeutic misconception? JAMA 307:2377-2378

4. Hebert PC, Cook DJ, Wells G, Marshall J (2002) The design of randomized
clinical trials in critically ill patients. Chest 121:1290-1300

5. Ware JH, Hamel MB (2011) Pragmatic trials—guides to better patient care?
N EnglJ Med 364:1685-1687

6. Landoni G, Comis M, Conte M, Finco G, Mucchetti M, Paternoster G, Pis-
ano A, Ruggeri L, Alvaro G, Angelone M, Bergonzi PC, Bocchino S, Borghi
G, Bove T, Buscaglia G, Cabrini L, Callegher L, Caramelli F, Colombo S,
Corno L, Del Sarto P, Feltracco P, Forti A, Ganzaroli M, Greco M, Guarracino
F, Lembo R, Lobreglio R, Meroni R, Monaco F, Musu M, Pala G, Pasin L, Pieri
M, Pisarra S, Ponticelli G, Roasio A, Santini F, Silvetti S, Szekely A, Zambon
M, Zucchetti MC, Zangrillo A, Bellomo R (2015) Mortality in multicenter
critical care trials: an analysis of interventions with a significant effect. Crit
Care Med 43:1559-1568

7. Baiardo Redaelli M, Landoni G, Di Sanzo S, Frassoni S, Sartini C, Cabrini
L, Monti G, Scandroglio M, Zangrillo A, Bellomo R (2017) Interventions
affecting mortality in critically ill and perioperative patients: a systematic
review of contemporary trials. J Crit Care 41:107-111

8. Ferguson ND, Cook DJ, Guyatt GH, Mehta S, Hand L, Austin P, Zhou Q,
Matte A, Walter SD, Lamontagne F, Granton JT, Arabi YM, Arroliga AC,
Stewart TE, Slutsky AS, Meade MO (2013) High-frequency oscillation in
early acute respiratory distress syndrome. N Engl J Med 368:795-805

9. Perner A Haase N, Guttormsen AB, Tenhunen J, Klemenzson G, Aneman
A, Madsen KR, Mgller MH, Elkjeer JM, Poulsen LM, Bendtsen A, Winding R,
Steensen M, Berezowicz P, Sge-Jensen P, Bestle M, Strand K, Wiis J, White
JO, Thornberg KJ, Quist L, Nielsen J, Andersen LH, Holst LB, Thormar K,
Kjeeldgaard AL, Fabritius ML, Mondrup F, Pott FC, Mgller TP, Winkel P, Wet-
terslev J (2012) Hydroxyethyl starch 130/0.42 versus Ringer’s acetate in
severe sepsis. N Engl J Med 367:124-134

10. NICE-SUGAR Study Investigators, Finfer S, Chittock DR, Su SY, Blair D,
Foster D, Dhingra V, Bellomo R, Cook D, Dodek P, Henderson WR, Hebert
PC, Heritier S, Heyland DK, McArthur C, McDonald E, Mitchell |, Myburgh
JA, Norton R, Potter J, Robinson BG, Ronco JJ (2009) Intensive versus



JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1



1988

conventional glucose control in critically ill patients. N Engl J Med
360:1283-1297

Hebert PC, Wells G, Blajchman MA, Marshall J, Martin C, Pagliarello G,
Tweeddale M, Schweitzer |, Yetisir E, Transfusion Requirements in Critical
Care Investigators for the Canadian Critical Care Trials Group (1999) A
multicenter, randomized, controlled clinical trial of transfusion require-
ments in critical care. N Engl J Med 340:409-417

Bellomo R, Chapman M, Finfer S, Hickling K, Myburgh J, Australian and
New Zealand Intensive Care Society (ANZICS) Clinical Trials Group (2000)
Low-dose dopamine in patients with early renal dysfunction: a placebo-
controlled randomised trial. Lancet 356:2139-2143

Finfer S, Bellomo R, Boyce N, French J, Myburgh J, Norton R (2004) A
comparison of albumin and saline for fluid resuscitation in the intensive
care unit. N Engl J Med 350:2247-2256

Bellomo R, Cass A, Cole L, Finfer S, Gallagher M, Lo S, McArthur C, McGuin-
ness S, Myburgh J, Norton R, Scheinkestel C, Su S (2009) Intensity of
continuous renal-replacement therapy in critically ill patients. N Engl J
Med 361:1627-1638

Ranieri VM, Thompson BT, Barie PS, Dhainaut JF, Douglas IS, Finfer S, Gard-
lund B, Marshall JC, Rhodes A, Artigas A, Payen D, Tenhunen J, Al-Khalidi
HR, Thompson V, Janes J, Macias WL, Vangerow B, Williams MD (2012)
Drotrecogin alfa (activated) in adults with septic shock. N Engl J Med
366:2055-2064

Holst LB, Haase N, Wetterslev J, Wernerman J, Guttormsen AB, Karlsson

S, Johansson PI, Aneman A, Vang ML, Winding R, Nebrich L, Nibro HL,
Rasmussen BS, Lauridsen JR, Nielsen JS, Oldner A, Pettila V, Cronhjort MB,
Andersen LH, Pedersen UG, Reiter N, Wiis J, White JO, Russell L, Thornberg
KJ, Hjortrup PB, Muller RG, Moller MH, Steensen M, Tjader |, Kilsand K,

20.

Odeberg-Wernerman S, Sjobo B, Bundgaard H, Thyo MA, Lodahl D,
Maerkedahl R, Albeck C, Illum D, Kruse M, Winkel P, Perner A (2014) Lower
versus higher hemoglobin threshold for transfusion in septic shock. N
EnglJ Med 371:1381-1391

. Lacroix J, Hebert PC, Fergusson DA, Tinmouth A, Cook DJ, Marshall JC,

Clayton L, Mclntyre L, Callum J, Turgeon AF, Blajchman MA, Walsh TS,
Stanworth SJ, Campbell H, Capellier G, Tiberghien P, Bardiaux L, van de
Watering L, van der Meer NJ, Sabri E, Vo D (2015) Age of transfused blood
in critically ill adults. N Engl J Med 372:1410-1418

. Cooper DJ, McQuilten ZK, Nichol A, Ady B, Aubron C, Bailey M, Bellomo

R, Gantner D, Irving DO, Kaukonen KM, McArthur C, Murray L, Pettila V,
French C (2017) Age of red cells for transfusion and outcomes in critically
illadults. N Engl J Med 377:1858-1867

Angus DC, Barnato AE, Bell D, Bellomo R, Chong CR, Coats TJ, Davies

A, Delaney A, Harrison DA, Holdgate A, Howe B, Huang DT, Iwashyna

T, Kellum JA, Peake SL, Pike F, Reade MC, Rowan KM, Singer M, Webb
SAR, Weissfeld LA, Yealy DM, Young JD (2015) A systematic review and
meta-analysis of early goal-directed therapy for septic shock: the ARISE,
ProCESS and ProMISe Investigators. Intensive Care Med 41:1549-1560
Nielsen N, Wetterslev J, Cronberg T, Erlinge D, Gasche Y, Hassager C, Horn
J,Hovdenes J, Kjaergaard J, Kuiper M, Pellis T, Stammet P, Wanscher M,
Wise MP, Aneman A, Al-Subaie N, Boesgaard S, Bro-Jeppesen J, Brunetti|,
Bugge JF, Hingston CD, Juffermans NP, Koopmans M, Kgber L, Langergen
J, Lilja G, Mgller JE, Rundgren M, Rylander C, Smid O, Werer C, Winkel P,
Friberg H (2013) Targeted temperature management at 33 versus 36 °C
after cardiac arrest. N Engl J Med 369:2197-2206



	Do trials that report a neutral or negative treatment effect improve the care of critically ill patients? No
	References


