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The Bayesian approach: may we learn a lesson from the 
ANDROMEDA-SHOCK trial?
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Background: from physiology to the 
ANDROMEDA-SHOCK trial

Increasing serum lactate levels and signs of tissue 
hypoperfusion are frequently observed in patients with septic 
shock. Hyperlactatemia is strongly related to abnormal 
peripheral perfusion, organ failure and mortality (1).  
The Surviving Sepsis Campaign Guidelines suggest a 
resuscitation strategy aimed at obtaining serum lactate 
normalisation (2). However, lactate kinetics is complex, and 
an increase in lactate levels may not be directly correlated 
with tissue hypoperfusion, but could be due to decreased 
clearance or other mechanisms (3). Since lactate clearance 
may not serve as a timely response to treatment, serum 
lactate should be measured every 2 hours (4).

Other targets to guide resuscitation in septic patients 
have been proposed (5). Among these, one of the most 
commonly used is the capillary refill time (CRT) because it 
is a rapid, easy-to-use and resource-independent index (6).  
Since it was first described in 1947, it has been widely used 
in adults and children. Its physiological background is 
complex because CRT is influenced by many variables, such 
as blood driving pressure, arteriolar tone and constituents 
of blood. CRT measures the amount of time necessary for 
the skin to return to baseline colour after pressure (generally 
a fingertip) is applied to a soft tissue. One of its major 
limitations is inter-rater variability; thus, precise training 
is required to improve CRT reproducibility. CRT is a tool 
for assessing the severity of critical illness because of its 

association with hyperlactatemia and the higher sequential 
organ failure assessment score (SOFA). In addition, it is 
a predictive sign of increased mortality in septic shock 
patients (6,7).

Recently, in the ANDROMEDA-SHOCK trial, CRT 
and serum lactate levels normalisation were assessed 
as strategies of targeted resuscitation in septic shock 
patients (8). In this randomised controlled trial, targeting 
resuscitation interventions on normalisation of CRT instead 
of serum lactate levels did not reduce 28-day mortality. An 
absolute risk mortality difference between these two groups 
of 8.5% (34.9% vs. 43.4% for CRT and serum lactate 
levels normalisation, respectively) was found, but without 
statistical significance (P=0.06). In contrast, Zampieri et al., 
in a Bayesian reanalysis of the ANDROMEDA-SHOCK 
trial (9), found peripheral perfusion-targeted resuscitation 
was related to lower mortality and faster resolution of organ 
dysfunction compared to the lactate-based strategy. It is 
not the first time that the Bayesian reanalysis approach 
has been adopted in the medical literature. For instance, a 
recent large randomised trial on the use of extracorporeal 
membrane oxygenation for acute distress respiratory 
syndrome was labelled ‘negative’ (P=0.09) (10), but a 
posterior Bayesian reanalysis overturned those results (11). 
One could wonder about the possibility of obtaining two 
opposite conclusions starting from the same data. In this 
editorial, we would like to discuss this issue and comment 
on the so-called ‘significant results’.
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Statistical inference: same numbers, different 
approaches

The American Statistical  Association published a  
statement (12) exhorting researchers to discard the 
term ‘statistical significance’ and offering a ‘not-to-do’ 
list about P value. In summary, when commenting on 
the results of a study, we are encouraged not to draw 
conclusions based on an arbitrary ‘statistical threshold’ 
such as P<0.05. In the frequentist statistical approach, 
probability is seen as an objective value associated with the 
estimation of fixed and unknown parameters of a statistical 
model through inferential procedures applied to random 
samples of independent data. Its major drawback consists 
of interpreting the type-I probability (P value) as a direct 
measurement of the findings’ validity, although it is only 
a measurement of model-associated data compatibility 
with the ‘null hypothesis’ of no differences among groups. 
To overcome this reductionist view of medicine and draw 
together statistics and medicine, a Bayesian approach could 
be used. Here, probability is seen as a subjective value 
and parameters as random variables, and the inferential 
procedure is based on the probability distribution of the 
parameters derived by observing data and having further 
information available (13). The starting point of these two 
approaches differs diametrically. With frequentist statistics, 
our trials are built on the probability of obtaining some data 
if the null hypothesis were true, starting from the end of the 
procedure in deductive logic. Instead, Bayesian inference 
allows us to start from the knowledge already acquired to 
measure the plausibility of our hypothesis in an inductive 
reasoning approach. Bayesian statistics quantitatively bring 
this external information into the probability calculation. A 
so-called prior, that is, a pre-test belief about the magnitude 
and distribution of the effect size of the treatment before 
having the data, is combined with a likelihood function 
that summarises the information about the parameters 
given the data set to produce new posterior probabilities. 
It is calculated using Bayes’ theorem, which states that the 
posterior probability is directly proportional to the product 
of the likelihood and the prior. In other words, Bayesian 
inference updates the a priori probability through data 
evidence to reach a ‘less uncertain’ posterior probability. It 
represents a mathematical transposition of learning from 
experience, and it invites us to reconsider the strength of 
our previous ideas.

It is easy to observe how the two statistical approaches 
converge when the sample size tends to the population 

size. An increase of the sample size in the frequentist 
approach involves a reduction of the confidence interval 
of the parameters, determined by the data, whereas in the 
Bayesian approach, we obtain a reduction of the credibility 
interval of the parameters associated with the probability of 
finding the parameter starting from the initial opinion (prior 
probability) refined by the data.

A new way of interpreting the ANDROMEDA-
SHOCK trial

The ANDROMEDA-SHOCK trial aimed to demonstrate 
a 15% reduction in 28 all-cause mortalities targeting 
resuscitation by CRT instead of a strategy based on serum 
lactate levels in patients with septic shock. Secondary 
outcomes included a variety of measures of recovering 
from organ dysfunction. At 28 days, the mortality rates 
were 43.4% in the lactate-guided group and 34.9% in the 
CRT-guided group, with a hazard ratio of 0.75 (95% CI, 
0.55 to 1.02) in favour of the CRT-guided group (P=0.06). 
There was less organ dysfunction at 72 hours in the CRT-
guided group, but none of the other secondary outcomes 
showed a significant difference between the two groups. 
These results raised several concerns: the study could be 
interpreted as a failed test of the superiority of a CRT-based 
resuscitation, probably because it was underpowered for the 
main outcome. However, one should not ignore, at least, 
the non-inferiority of this strategy, even if the study was not 
designed to test for equivalence.

Using a Bayesian reanalysis approach, Zampieri et al. 
examined data from the ANDROMEDA-SHOCK trial 
and defined four priors, which were the mathematical 
representations of different opinions about the effect of the 
intervention (optimistic, neutral, null, and pessimistic). The 
enthusiastic prior was the best estimate and corresponded 
to the effect size used for the sample size calculation of the 
original study. Even in the absence of previous information 
or external evidence, this approach has been proposed in 
literature when analysing a frequentist trial (13). Testing 
the trial data with the predefined priors allowed to check if 
they were sensible to different beliefs. A reliable statement 
in favour of the intervention (CRT-guided resuscitation) 
would be made if the results changed minimally among 
differing priors. When the study data are sufficiently strong, 
differing priors have minimal influence on the calculated 
posteriors. In contrast, if the study data are relatively 
weak, the posteriors will not agree. Nonetheless, this lack 
of consensus is likely appropriate given the absence of 
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sufficiently compelling data.
The probability of whether CRT-guided therapy 

would reduce 28-day mortality (OR <1) was independent 
of the selected prior and maintained above 90%. When 
considering an OR <0.8, the posterior probability was 
equal or greater than 80% for all the priors, except for the 
pessimistic one (the latter represented a very pessimistic 
scenario in which, however, a 20% possibility that the 
intervention is beneficial remained). This trend favouring 
the CRT group persisted also at 90 days post-inclusion. 
Considering the absolute mortality between the two groups, 
there is an estimated reduction at 28 days ranging from 7% 
to 13%. The authors also designed an analysis for the first 
secondary endpoint of the original trial, the SOFA score 
at 72 hours. With the CRT strategy, patients had a higher 
probability of being in the lower quartile of the SOFA score 
(between 0 and 7).

Bayesian reanalysis weak points 

Critics often question the confirmation bias behind this kind 
of unplanned Bayesian reanalysis because the latter could be 
altered by the known data that resulted from the study and 
thus be prone to be interpreted with subjectivity. One could 
argue that this analysis would have never been performed 
if the ANDROMEDA-SHOCK trial results were positive 
because a Bayesian approach served as a booster to 
overcome statistical significance. Actually, the Bayesian 
inference is much closer to the clinicians’ inductive way of 
thinking, combining a previous belief with the results of a 
non-fully conclusive trial to obtain a posterior probability 
of the tested intervention. Priors do not work as a booster: 
in contrast, they bring back the observed effects to a clinical 
real context, moderating unrealistic results and otherwise 
supporting plausible ones. The subjectivity of Bayesian 
analysis seems to be a strong point because mathematically 
defining qualitative beliefs makes a posterior judgement 
more explicit and informative than just a fixed threshold 
value.

Zampieri et al. also provided the results of a reanalysis 
based on a frequentist approach. Instead of the Cox model 
used originally, with a logistic regression model, the OR 
for 28-day mortality was 0.61 (95% CI, 0.38–0.92), with 
a P=0.022. In this way, changing the statistical test led to 
overturning the interpretation of the trial. The primary 
endpoint of 28-day mortality reduction reached ‘statistical 
significance’. If the authors of the ANDROMEDA-SHOCK 

trial had used this analysis from the beginning, their study 
would have been considered conclusively in favour of a 
CRT strategy. This contrast should be considered proof of 
the risks of misinterpretation of the P value, rather than a 
reason to abandon frequentist statistics.
The crux of the matter

What can we learn from ANDROMEDA-SHOCK trial? 
Either serum lactate levels or CRT could be fundamental 
tools in the evaluation of tissue hypoperfusion. We observed 
with interest the results of the study, and we wondered 
why CRT worked better than lactate levels. Was it due 
to different interventions in the two groups (amount of 
fluids, vasopressors)? Was it due to different measurement 
intervals of the parameters (every 30 min CRT, every 2 h  
lactate)? The study was not designed to answer these  
questions.

Several articles in the literature are sceptical about the 
actual importance of ‘numbers power’. A recent editorial 
stated that ‘the problem is the whole concept of statistical 
significance’ (14): studies are categorised as positive (P<0.05) 
or negative (P>0.05) in a binary way. It is clear how this 
could be wrong because two studies with the same effect 
size but with a P value of 0.05 for the first and of 0.06 for 
the second would be reported as positive for the first and 
negative for the second. This is illogical. We think we 
should stay away from a dichotomous consideration of 
the reality, particularly when discussing results from large 
clinical trials. The use of a different statistical method, 
the Bayesian analysis, may fundamentally change this 
point of view. The Bayesian analysis, based on a different 
interpretation of statistical inference, allows clinicians to 
obtain a non-dichotomous view of the results, expressing 
them as probability and permitting us to interpret them 
with a ‘clinical view’ rather than as only pure numbers. 

In conclusion, researchers should be encouraged to use 
additional statistical methods that could help readers get 
oriented with the results of large clinical trials. We endorse 
the attempt by Zampieri et al., to improve the interpretation 
of the ANDROMEDA-SHOCK trial. We end this editorial 
by quoting a sentence from a recent article published by 
Nature: ‘Inferences should be scientific, and that goes far beyond 
the merely statistical’ (15).
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