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Randomized controlled trials (RCTs) are considered 
the best evidence on which to base change in practice. 
We all agree that only RCTs can account for unmeasur-
able factors that may influence the response to a thera-
peutic intervention. Yet, so many large RCTs have been 
negative in critically ill patients. Whatever we test does 
not seem to make a difference to outcomes: the pulmo-
nary artery catheter [1, 2], intracranial pressure monitor-
ing [3], optimal blood pressure levels in septic shock [4], 
central venous oxygen saturation monitoring [5], blood 
transfusions, and so the list goes on. We were so proud to 
have finally developed a drug for sepsis, drotrecogin alfa 
(activated) [6], but this was such an unexpected and sur-
prising event that another study was performed, which 
negated the results [7] and the drug was taken off the 
market. Admittedly, some RCTs have identified interven-
tions that caused harm, and this is of course very impor-
tant: the best example is the large study of tidal volume in 
patients with acute respiratory distress syndrome (ARDS) 
[8]. But, are there any studies that have shown improved 
outcomes in critically ill patients? In fact, the very few 
that showed a survival benefit concerned interventions 
that prevented harm rather than providing benefit: for 
example, the use of muscle relaxants [9] and prone posi-
tioning [10] probably provide benefit in ARDS by limiting 
barotrauma.

There are several reasons why RCTs are more likely 
to show harm than benefit, the most important being 
that our patient populations are very heterogeneous. A 

good example to illustrate this phenomenon is that of 
a hypothetical RCT comparing empiric penicillin with 
placebo in patients with sepsis [11]. Penicillin would be 
expected to be beneficial in only a very small subset of 
the patients who have sepsis due to a minority of Gram-
positive organisms, and it is more than likely that this 
effect would be missed in a very large RCT. On the other 
hand, in the same population, penicillin administration 
will cause allergic reactions in some patients and these 
will be easily identified. According to the results of such 
an RCT, we would abandon penicillin on the basis of no 
identified clinical benefit and an obvious harmful effect 
in some patients. And we would be proud that our RCT 
had identified this toxicity. Fortunately, we are well aware 
of the importance of antibiotic susceptibility, and such an 
RCT, in an unselected patient population, would never be 
performed. This demonstrates the importance of person-
alized medicine: we need to identify which patients can 
potentially benefit from the intervention being tested, 
rather than testing blindly in all.

The multiple negative studies on sepsis drugs provide 
another example of the need for a more individualized 
approach. In the past, such studies considered sepsis as 
being just a pro-inflammatory state, but there is mount-
ing evidence that immunosuppression can also occur, 
even relatively early [12]. Trials of anti-inflammatory/
immunosuppressive agents will likely give negative 
results if they are tested in patients who are already 
immunosuppressed, and immunostimulating drugs may 
well be harmful in patients who have a pro-inflammatory 
state. We need to characterize the patients’ immune sta-
tus prior to study inclusion to select the most appropriate 
group of patients for each type of intervention [13].

Similarly, the use of corticosteroids in septic shock 
is still a hotly debated issue, but the ADjunctive 
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coRticosteroid trEatment iN criticAlly ilL Patients with 
Septic Shock (ADRENAL) study that will include 3800 
“critically ill” patients is unlikely to provide the definitive 
answer without some specific selection of patients based 
on biomarkers. In children with septic shock, Wong et al. 
[14] showed that specific patterns of gene expression 
could identify which patients were most likely to benefit 
from hydrocortisone administration.

There are other reasons why the RCT is not the best 
option to address all questions in critically ill patients 
(Table  1). As a first example, RCTs should be double-
blind to reduce the risks of bias, but this is sometimes 
impossible. Some interventions may have a hemody-
namic effect that will be easily picked up at the bedside, 
while others can influence laboratory test results. In one 
study, granulocyte colony-stimulating factor (GCSF) was 
unexpectedly associated with a substantial increase in 
leukocyte count that could not be masked from the cli-
nician [15]. Second, another limitation of RCTs is that 
the method used to induce the change under investi-
gation can influence interpretation of the results. For 
example, a study on two different blood pressure lev-
els in septic shock [4] is actually a study of two doses of 
norepinephrine, a drug that has its own effects. Third, 
in pragmatic trials, protocol design allows physicians 
to decide whether or not a patient should be enrolled, 
potentially creating problems with patient enrollment 
and randomization. For example, studies on pulmonary 

artery catheterization included patients only when the 
physician had decided that the patient could be managed 
without this intervention. Similarly, for blood transfusion 
studies, patients were randomized when the doctor felt 
that the patient could be safely managed without trans-
fusion. In the landmark study by Hebert et al. [16], only 
13 % of patients who were potentially eligible were ran-
domized and the study was discontinued before the end 
for slow enrollment. Fourth, studies comparing two tech-
niques are fraught with the difficulty of using the best 
technique at the right time for the right patient. Com-
paring continuous and intermittent renal replacement 
therapy does not make much sense when it is accepted 
that continuous techniques are preferred in hemodynam-
ically unstable patients or those with contraindications 
to anticoagulation, and intermittent techniques are pre-
ferred in patients who can be ambulated. Similarly, there 
is little rationale to compare two crystalloid solutions in 
heterogeneous groups of patients, because the type of 
fluid should be selected individually based on electro-
lyte results. It would be inappropriate to continue to give 
a saline solution containing 154  mEq/L of chloride to 
patients who start to develop hyperchloremia [17].

The only common feature of all critically ill patients is 
that they are “critically ill” and therefore need to be hos-
pitalized in an ICU. This population of patients is highly 
heterogeneous, with various types and degrees of organ 
dysfunction, and it is very unlikely that they will respond 

Table 1 Some of the problems that can be encountered when performing randomized controlled trials in critically ill patients

Type of study/example Hurdle(s)

Essen�al

Avoidable

New drug Blinding some�mes difficult

New technique Blinding o�en impossible

Fever control Method used to lower body temperature    

(pharmacological, physical, etc)

Glucose control Monitoring technique (e.g., arterial blood 

vs. capillary sample)

Blood transfusion Decision not based only on hemoglobin 

levels

Sepsis drugs Great heterogeneity of pa�ent 

popula�ons

Con�nuous vs intermi�ent RRT Result different depending on the 

pa�ent's condi�on

Two crystalloid solu�ons Blood electrolytes should determine the 

choice of crystalloid fluids
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similarly to different types of intervention. Rather than 
considering these patients as identical (as is commonly 
the case in RCTs), we should try to identify particular 
features of subgroups of individuals most likely to benefit 
from specific interventions, e.g., drugs influencing the 
coagulation system must target patients with coagulopa-
thy, and the administration of gamma-globulins should 
be guided by blood immunoglobulin levels, etc.

Clinical trials should be based on sound pathophysi-
ologic elements and enroll patients on the basis of spe-
cific individual characteristics or biomarkers that identify 
them as being most likely to respond to the intervention 
in question. This is the only way to make real progress in 
this field.

Compliance with ethical standards

Conflicts of interest
The author has no conflicts of interest to declare regarding this manuscript.

Received: 22 July 2016   Accepted: 30 July 2016
Published online: 12 September 2016

References
 1. Harvey S, Harrison DA, Singer M, Ashcroft J, Jones CM, Elbourne D, 

Brampton W, Williams D, Young D et al (2005) Assessment of the clinical 
effectiveness of pulmonary artery catheters in management of patients 
in intensive care (PAC‑Man): a randomised controlled trial. Lancet 
366:472–477

 2. Rhodes A, Cusack RJ, Newman PJ, Grounds RM, Bennett ED (2002) A 
randomised, controlled trial of the pulmonary artery catheter in critically 
ill patients. Intensive Care Med 28:256–264

 3. Chesnut RM, Temkin N, Carney N, Dikmen S, Rondina C, Videtta W, Petroni 
G, Lujan S, Pridgeon J et al (2012) A trial of intracranial‑pressure monitor‑
ing in traumatic brain injury. N Engl J Med 367:2471–2481

 4. Asfar P, Meziani F, Hamel JF, Grelon F, Megarbane B, Anguel N, Mira JP, 
Dequin PF, Gergaud S et al (2014) High versus low blood‑pressure target 
in patients with septic shock. N Engl J Med 370:1583–1593

 5. De Backer D, Vincent JL (2016) Early goal‑directed therapy: do we have a 
definitive answer? Intensive Care Med 42:1048–1050

 6. Bernard GR, Vincent JL, Laterre PF, LaRosa SP, Dhainaut JF, Lopez‑Rodri‑
guez A, Steingrub JS, Garber GE, Helterbrand JD et al (2001) Efficacy and 
safety of recombinant human activated protein C for severe sepsis. N 
Engl J Med 344:699–709

 7. Ranieri VM, Thompson BT, Barie PS, Dhainaut JF, Douglas IS, Finfer S, 
Gardlund B, Marshall JC, Rhodes A et al (2012) Drotrecogin alfa (activated) 
in adults with septic shock. N Engl J Med 366:2055–2064

 8. The Acute Respiratory Distress Syndrome Network (2000) Ventilation with 
lower tidal volumes as compared with traditional tidal volumes for acute 
lung injury and the acute respiratory distress syndrome. N Engl J Med 
342:1301–1308

 9. Papazian L, Forel JM, Gacouin A, Penot‑Ragon C, Perrin G, Loundou A, 
Jaber S, Arnal JM, Perez D et al (2010) Neuromuscular blockers in early 
acute respiratory distress syndrome. N Engl J Med 363:1107–1116

 10. Guerin C, Reignier J, Richard JC, Beuret P, Gacouin A, Boulain T, Mercier E, 
Badet M, Mercat A et al (2013) Prone positioning in severe acute respira‑
tory distress syndrome. N Engl J Med 368:2159–2168

 11. Vincent JL (2016) Safety considerations of septic shock treatment. Expert 
Opin Drug Saf 15:215–221

 12. Davenport EE, Burnham KL, Radhakrishnan J, Humburg P, Hutton P, Mills 
TC, Rautanen A, Gordon AC, Garrard C, Hill AVS, Hinds CJ, Knight JC (2016) 
Genomic landscape of the individual host response and outcomes in 
severe sepsis. Lancet Respir Med 4:259–271

 13. Vincent JL (2016) Individual gene expression and personalised medicine 
in sepsis. Lancet Respir Med 4:242–243

 14. Wong HR, Cvijanovich NZ, Anas N, Allen GL, Thomas NJ, Bigham MT, 
Weiss SL, Fitzgerald J, Checchia PA et al (2015) Developing a clinically 
feasible personalized medicine approach to pediatric septic shock. Am J 
Respir Crit Care Med 191:309–315

 15. Root RK, Lodato RF, Patrick W, Cade JF, Fotheringham N, Milwee S, Vincent 
JL, Torres A, Rello J et al (2003) Multicenter, double‑blind, placebo‑
controlled study of the use of filgrastim in patients hospitalized with 
pneumonia and severe sepsis. Crit Care Med 31:367–373

 16. Hebert PC, Wells G, Blajchman MA, Marshall J, Martin C, Pagliarello G, 
Tweeddale M, Schweitzer I, Yetisir E (1999) A multicenter, randomized, 
controlled clinical trial of transfusion requirements in critical care. Transfu‑
sion Requirements in Critical Care Investigators, Canadian Critical Care 
Trials Group. N Engl J Med 340:409–417

 17. Vincent JL, De Backer D (2016) Saline versus balanced solutions: are 
clinical trials comparing two crystalloid solutions really needed? Crit Care 
20:250 


	Improved survival in critically ill patients: are large RCTs more useful than personalized medicine? No
	References




