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a B s t r a c t
It is a common observation that many multicenter randomized controlled trials (mRCT) performed in critically ill patients 
do not achieve the positive findings often seen in single center studies (sRCT). This has, of course, relevant consequences 
for clinical practice, as mRCTs have higher scientific validity compared to sRCTs. The aim of this manuscript was to 
review and discuss the several potential causes of this phenomenon and to relate them to the future of mRCTs in critical 
care medicine. Overall, this seems to recall the old mythologic story of Achilles and the tortoise: although mRCTs (i.e. 
Achilles) are much more powerful, indeed, they always arrive later in time compared to the sRCTs (i.e. the tortoise) from 
which they were powered. However, sRCTs are more prone to several bias compared to mRCTs, such as local effect 
bias, selection and performance bias, detection and reporting bias, analysis and attrition bias, concomitant therapy bias, 
low fragility index and publication bias. In this sense, it is high time the critical care community should see the positive 
findings of sRTCs with a very high level of scientific caution, unless they are confirmed by mRCTs. MRCTs represent the 
final step of the process of evidence-based medicine and in the end (however slowly and painfully) such evidence catches 
up with sRCT and truly helps changes practice worldwide.
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“The Tortoise challenged Achilles to a race, claiming 
that he would win as long as Achilles gave him a 
small head start. Achilles laughed at this, for of 

course he was a mighty warrior and swift of foot, 
whereas the Tortoise was heavy and slow”

Zeno of Elea (c. 450 BCE)

there are many potential reasons why most 
phase III multicenter randomized controlled 

trials (mRCTs) performed in critically ill patients 

do not achieve the positive findings often seen in 
smaller phase II studies or in single center stud-
ies, as shown in Table I.

Experience tells us that most interventions in 
critically ill patients will only have small (or at 
best moderate) effects. sRCTs are typically only 
powered to detect large (and typically implausi-
ble) effects. This means that statistically signifi-
cant results (even for treatments that are actually 
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effective) are most often statistical anomalies 
that overestimate true effects. In other words, 
sRCTs that present positive results are very like-
ly to demonstrate effects that are overestimated. 
Therefore, when the effect sizes from sRCTs are 
used in sample size calculation for mRCTs, they 
result in still underpowered studies. In this ar-
ticle, we will discuss several of these issues and 
relate them to the future of mRCTs in critical 
care medicine.

The role of randomized controlled trials

The role of mRCT in modern medicine is funda-
mental,1 and major medical journals, clinicians, 
policy makers and other stakeholders analyze 
them with great attention. Moreover, new drugs 
are approved by the Food and Drug Adminitra-
tion, the European Medicines Agency, and other 
regulatory bodies on the basis of such trials. As 
a consequence, thousands and sometimes mil-
lions of patients are affected by their findings. 
Most physicians agree with the value of mRCTs. 
Typically, such mRCTs are conducted only af-
ter smaller studies (sometimes sRCTs) show 
promising, sometimes very promising, results. 
However, each time such an mRCT is not “posi-
tive,” emotions and beliefs are challenged and 
clinicians have difficulty in rationalizing the trial 
findings on and recurrently ask this question: 
“Why are mRCTs failing to confirm the promis-
ing positive results of sRCTs?”2 Moreover and 
paradoxically, but perhaps because such “posi-
tive” mRCT are so rare, when they are reported, 

their findings are looked at with suspicion. Part 
of the issue may be, in addition, that distinguish-
ing low quality evidence from high quality evi-
dence is not straightforward for many clinicians.

These attitudes are so widespread in the field 
of intensive care, that it has been claimed that to 
establish the introduction of a new intervention 
“two beneficial RCTs are necessary with at least 
one being a confirmatory trial.”3 If sRCTs are so 
promising and mRCTs so difficult and so disap-
pointing, one might ask why. Why can’t mRCTs 
catch up with run-away sRCTs? Does Zenos’ 
paradox apply?

The tale by Zeno of Elea is the story of the 
athlete Achilles, who could never catch up to the 
slow tortoise, despite being much faster at run-
ning. Indeed, whenever Achilles reached some-
where the tortoise had been, he still had farther 
to go, as the tortoise had gone further. In other 
words, because there are an infinite number of 
points Achilles must reach where the tortoise has 
already been, he can never overtake the tortoise.4 
Are we observing the same paradox with sRCTs 
and associated practice changes that seem to be 
always one step ahead mRCTs?

First, the facts

First of all, it should be pointed out that mRCTs 
in critically ill patients have shown an increased 
or reduced mortality in at least 24 occasions 
dealing with 15 different interventions during a 
time period of 20 years (from 1994 to 2013).5 al-
though such benefit has not been confirmed for 

Table I.— List of sRCTs bias, that might help to explain why sRCTs’ positive results are often not replicated by 
mRTCs.

Bias Explanation

Local effect bias Limited external validity
Selection and performance bias Intervention/Trial delivered by a committed protagonist of the study intervention
Perfomance bias Unblinding
Detection bias Lacking of independent source of verification

Assessing only of short-term outcomes
selection bias Failing in applying allocation concealment
Reporting bias Selective outcome reporting
analysis bias Not preceded by publication of a predefined statistical analysis plan
Detection bias outcome assessment not blinded to allocation
attrition bias Incomplete outcome data
Low fragility index Significance achievement on the basis of only 1 or 2 events
Concomitant therapy bias Too great confounders
Publication bias Negative or neutral results are less likely to be accepted for publication
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their care. And this is ultimately relevant also 
to dealing with a major problem associated with 
critical care mRCTs: the need to achieve ade-
quate statistical power.

Sample size is never enough

Single-center studies play a critical role, as they 
are often the starting point for testing interven-
tions in critical care.8 Nevertheless, they present 
considerable limitations.

The primary and most obvious shortcoming of 
single-center studies is, of course, that their ex-
ternal validity is poor. This is particularly true in 
critical care, as what constitutes “intensive care” 
varies widely between and even within coun-
tries.9 In addition to the “nosocomial geography,” 
also the “ICU geography” (the country where the 
ICU is located) may play a role in increasing 
the heterogeneity, likely because it increases the 
amount of idiosyncratic practice variation.10

Should we then be wary of the results of 
srct?8 A comparison of the characteristics of 
single- and multi-center trials is shown in Table 
II, which lists the elements potentially responsi-
ble for the different outcomes observed. In brief, 
our thesis is that most sRCTs have significantly 
inflated results (with the “inflation effect” being 
worst for small, low-powered studies) and, as a 
consequence, mRCTs which are usually powered 
based on sRCTs results are typically underpow-
ered and this “underpowering” accounts for an 
important part of the inability of mRCTs to de-
liver “positive” findings. Moreover, small P val-
ues may be needed to provide greater confidence 
that an intervention delivers a real treatment ef-
fect. Thus, the conventional threshold of 0.05 has 
recently been questioned and considered “too 
permissive.” Rather, this level of significance 
should trigger deeper inspection into study pro-
cesses and outcomes, before concluding that the 
evidence justifies the announcement that the trial 
can be defined as “positive.”11, 12

It is also intuitive that, in modern medicine, 
interventions will show at best a modest effect 
size. Single drugs, techniques, or strategies are 
unlikely to deliver major outcome benefits in 
complex and heterogeneous populations if the 
control group is treated according to the best 

all interventions in the following years, overall 
they have helped save thousands of lives in dif-
ferent populations of critically ill patients.5, 6

second, it should be noted that constant im-
provements in outcome must be at least in part 
attributed to extraordinary progresses in medi-
cal care, technology and ancillary interventions 
developed in other areas of medicine and then 
applied to critically ill patients.

Third, independently of the trial design it-
self and of medical care improvements, clinical 
scientific research has likely exerted a positive 
effect on the outcomes of the patients through 
parallel and non-RCT based, although extreme-
ly relevant, research-related effects. Indeed, the 
inclusion of a patient into a trial may well, by 
itself, improve their outcome, a phenomenon 
known as the “Hawthorne effect.”7 Precisely 
because sRCTs are frequently not replicated in 
mRCTs and in some cases have demonstrated 
that the treatments that seemed effective in 
sRCTs were actually harmful, randomization 
is an effective treatment strategy to hedge ones 
bets. Furthermore, trials have collateral ben-
efits that include, for example, protocolized 
care additional follow-up. In addition, high 
quality mRCTs provide high quality evidence 
on which to inform future decision making so 
that, if the patient becomes ill again in the fu-
ture they will potentially benefit from the evi-
dence obtained during their current admission. 
Based on these observations, we would argue 
that mRCTs should be part of routine medical 
practice, and should theoretically not be per-
formed only in selected networks of tertiary care 
referral center. Furthermore, all patients should 
have the chance be included in more than one 
non-competing protocol, if appropriate. Such at-
titude should help attenuate idiosyncratic prac-
tice variations among different groups. This is 
because randomized allocation of a patient to a 
specific treatment is a powerful way to make the 
treatment of different patients more uniform, es-
pecially in those cases in particular where small 
different interventions may be undertaken in the 
absence of solid scientific evidence. Systemati-
cally studying the sickest patients and including 
as many of the world’s patients in mRCTs is the 
best way to ensure that we continue to improve 
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Poor blinding

Poor blinding applies both to allocation and 
treatment, and involves both clinicians and pa-
tients. Moreover, lack of blinding of outcome 
assessment and data analysis may also play a 
role. Investigators in many of the positive single-
center studies are not blinded or fully blinded 
to treatment allocation. Moreover, analysis and 
interpretation of data is blinded and performed 
remotely in most of the mRCT but in few of 
sRCTs. The absence of appropriate blinding can 
cause by itself an effect size larger than the real 
one. In this way the tortoise (sRCT) moves fur-
ther and Achilles continues to fail to reach it.

Toxic placebo (or toxic control group)

Similarly, the control group of positive sRCTs 
may have experienced an unusually high rate of 
adverse events or mortality compared with con-
temporary case series or studies of equivalent 
patients in other centers: the “toxic placebo/con-
trol group” bias. This could have been by chance 
or may have represented an involuntary specific 
situation in a given hospital, or an involuntary 
decision by the investigator to increase the gap 
between treatment and control to obtain positive 
findings. Such types of behavior are less com-
mon in mrcts, as data must be communicated 
to the external coordinating center, and data are 

available therapies. In this context, the predomi-
nance of low prior probability in hypotheses be-
ing evaluated may explain the frequent failure to 
replicate positive results in critical care medicine 
trials13 and in other disciplines.14

Work environment: the role of 
interpersonal dynamics within a group

Each work team follows peculiar internal inter-
personal dynamics, that are never exactly the 
same in different work contexts: if such dynamics 
can influence the outcomes of the performance 
of a group (measured as patient outcomes), they 
may naturally also lead to the failure of mRCTs 
to confirm preliminary findings.14, 15

Ethics

The patients who, on the basis of preliminary ev-
idence, may have the greatest benefits from the 
therapy under study are typically not included 
into mrcts, as, by the time such an mrct is 
recruiting, on the basis of flawed but emotionally 
powerful sRCTs, may clinicians deem it unethi-
cal to exclude them from receiving the treatment 
under investigation. This could happen as part of 
explicit inclusion/exclusion criteria or because a 
single physician is not willing to include a spe-
cific patient into the trial.

Table II.— Comparison of the characteristics of single- and multi-center RCTs. See the text for more details on each 
element taken into consideration.

Parameter Single-center RCT Multi-center rct

Heterogeneity of the population Low High
Effect of the population size on the results Relevant Less relevant
economic costs Low High
Hawthorne effect High Low
Effect of work team interpersonal dynamics Strong Balanced
No random sequence generation (allocation bias) More frequent Less frequent
Patients with greatest benefits included Yes no
“Toxic” placebo effect Possible Unlikely
Poor blinding of personnel More frequent Less frequent
Poor blinding of data analysis More frequent Less frequent
Blinded outcome adjudication Infrequent common
Pressure to publish High Lower
Database accuracy Lower Higher
Incomplete outcome data More frequent Less frequent
Selective reporting More frequent Less frequent
Good comparable results in both arms rare common
RCT: randomized controlled trials.
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tion can be listed for one paper. In mRCTs, on 
the contrary, very few investigators (if any) from 
each institution will be coauthors of the final 
publications. Treating clinicians may be more 
motivated in a mRCT because they perceive that 
they are involved something that is important 
and will chance practice; on the other hand, how-
ever, they will be less motivated in the absence 
of the prospective of a scientific reward.

False positive and Fragility Index

Recent literature has indeed drawn attention to the 
potential inadequacy of threshold p values as tools 
for reporting outcomes in research trials. The pa-
rameter known as the “Fragility Index,” which is 
a measure of how many events the statistical sig-
nificance of a result depends on, has been suggest-
ed as a helpful means for a proper interpretation 
of trial results. In particular, a low fragility index 
(i.e. 1 or 2), indicates that the findings of the study 
depend on a small number of events, and this has 
been shown to happen in many RCTs in critical 
care.17, 18 In this sense, mRTCs might further help 
us to understand how sRCT can be misleading, 
and to overcome the “time primacy bias” (a false 
positive sRCT received more attention than a sub-
sequent much larger negative mRCT).

Time primacy bias and value bias

When something is shown to have a specific ef-
fect, then it is consequently often taken to be true 
by scientists. When a second study shows that the 
findings of the first are not reproducible, then cli-
nicians spend a lot of time and energy to find out 
what was wrong with the second trial that made 
the treatment “fail.” In fact, they should also 
logically try to find out what was wrong with the 
first trial that made it falsely “successful.” If the 
second negative trial had been published first and 
the positive trial had come out second, typically 
clinicians would have doubted and questioned 
the positive study much more.

Both approaches support the emotional power 
of what we call the “time primacy bias” and are ir-
rational. There is also a “value bias”: when a trial is 
positive it is seen to have greater “value” and is giv-
en more importance than when a trial is negative.

analyzed remotely. It is also more likely that 
mRCT will have a balance between research-
ers who believe in the benefit of a specific treat-
ment and those who believe the treatment may 
cause harm. Furthermore, mrcts are usually 
performed at a mature stage of knowledge, and 
the treatment of the control group is often deliv-
ered to gold standards. Moreover, sRCTs may 
sometimes be promoted, endorsed, or conceived 
in collaboration with drug companies. In some 
such cases, the new drug may be compared with 
somewhat suboptimal controls or standardized 
treatment instead of patient-tailored approach.

Occasionally the above approach has led to 
extreme situations in which every treatment was 
superior to the control, with every drug show-
ing benefits over the other in a circular pattern.16 
This might theoretically lead to a vicious circle 
with no virtual end, with the focus of every trial 
aimed at showing that the drug under study is su-
perior to the chosen control, instead that aimed at 
identifying the best treatment for patients.

In relation to standard care, mRCTs are typi-
cally promoted and performed within networks 
of clinical excellence and extraordinary experi-
ence, despite rare isolate exceptions of sponsored 
trials or trial carried out in centers with limited 
expertise. These mRCTs’ centers, of course, may 
undergo the same bias of sRCTs’ institutions and 
they might be influenced by financial incentives 
in case of sponsored studies. However, they put 
their own reputation on the line for mRCTs and 
this is a strong motivation to be faultless and 
avoid any methodologic and ethical criticism. 
The final outcome of the patients included in 
these trials is excellent in both groups and differ-
ences, if any exist, very difficult to detect.

Furthermore, taking into account temporal 
mortality trends in this context is not trivial. Us-
ing the control event rate from sRCTs to power 
mRCTs may be problematic, therefore temporal 
mortality trends are typically not adequately ac-
counted for in mRCTs: this may obviously affect 
the results, too and make mRCTs underpowered.

Motivation and authorship

Authors are motivated to perform and publish 
a sRCT, as many authors from a single institu-
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recognize studies with higher methodological 
strength, either mRCTs or sRCTs, is presented 
in table iii.19 Furthermore, the diffusion of 
meta-analysis as a tool to summarize scientific 
evidence and present it into a new perspective 
might be precious to interpret reported clinical 
evidence.

Thus, does the sophistry of Zeno’s paradox 
fully represent reality? It may appear to apply 
to the clinical trial reality only at a first glance, 
when, in fact, (just like in the real world) it does 
not truly reflect it: mRCTs represent the final step 
of the process of evidence-based medicine and 
in the end (however slowly and painfully) such 
evidence catches up with sRCT and truly helps 
changes practice worldwide.

Key messages

• Many mRCTs performed in critically 
ill patients do not achieve the positive find-
ings often seen in sRCT, with relevant conse-
quences for clinical practice.

• sRCTs are more prone to several bias 
compared to mRCTs, such as local effect 
bias, selection and performance bias, detec-
tion and reporting bias, analysis and attrition 
bias, concomitant therapy bias, low fragility 
index and publication bias.

• As a general rule, mRCTs have higher 
scientific validity compared to sRCTs.

• The positive findings of sRTCs should 
be interpreted with a very high level of sci-
entific caution, unless they are confirmed by 
mRCTs, since a high level of scientific accu-
racy in the full respect of all the ethical prin-
ciples can only be found in mRCTs

Immediate clinical changes after sRCTs

Many sRCTs published and showing that inter-
ventions “save lives” often trigger early subtle 
changes in clinical attitudes and practice all over 
the world. Clinicians read the latest papers pub-
lished in major journals and change their practice 
accordingly, sometimes consciously and some-
times not. They modify their clinical practice 
following the results of sRCTs, before they are 
confirmed in larger mRCTs, and this may make 
the original results not reproducible. We call this 
phenomenon “parallel change bias” in clinical 
practice, and we suggest that such changes in an 
attitude and practice might also affect the find-
ings of subsequent mRCT.

Zeno’s Paradox of the Tortoise 
and Achilles revisited

Are we observing the same paradox with sRCTs 
and mrcts? are srcts the tortoise and mrcts 
Achilles? Although mRCTs (i.e. Achilles) are 
much more powerful, they always arrive later 
in time compared to the sRCTs (i.e. the tortoise) 
from which they were powered. In other words, 
the mrtcs continuously chase the srcts but 
they cannot actually reach them. Therefore, the 
results differ, and there is no way to overcome 
this intrinsic temporal limitation. The number 
of patients needed to enroll, and the power of 
the study is never enough because of the most 
recent treatments (that are improving) and be-
cause of the differences between treatment 
and control (a difference that is progressively 
shrinking due to the all parallel treatments that 
partially overlap with the studied intervention) 
and the continuing secular trend toward im-
proved outcomes. These issues may matter and 
may require ever more thoughtful approaches 
to powering mRCTs better. However, we must 
also be all fully aware that a high level of scien-
tific accuracy in the full respect of all the ethical 
principles can only be found in mRCTs. In this 
sense, it is high time the critical care community 
should see the positive findings of sRTCs with a 
very high level of scientific caution, unless they 
are confirmed by mRCTs. A list of aspects to 
be considered when evaluating clinical trials to 

Table III.— Features of clinical trials, either sRCTs or 
mRCTs, associated with methodological strength.

Large sample size
Heterogeneity of the population
Random sequence generation for allocation to treatment
Blinding of personnel
Blinding of data analysis
Data completeness (few missing values)
Experience of the trial center in clinical research
Compliance to CONSORT 2010 checklist in the publication19

Time from study end to publication (are data recent?)
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