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LESS IS MORE IN INTENSIVE CARE

Biomarkers in the ICU: less is more? Not sure
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Why do we use biomarkers?

In the twenty-first century, there is still no gold-standard
test to diagnose infection [1] and it relies on a combination
of unspecific systemic signs, signs of organ involvement,
and microbiologic documentation [2]. Since these clini-
cal signs lack accuracy and microbiologic results are una-
vailable early in clinical course, antibiotics are frequently
prescribed without a definite diagnosis of infection [3].
These limitations led clinicians to search for biomarkers
that could be used as surrogate markers of infection [4, 5].
From the hundreds of biomarkers that were studied, only
two, C-reactive protein (CRP) and procalcitonin (PCT),
are present in our daily practice. Despite frequent, routine
use is not backed by undisputable evidence.

What are the questions that biomarkers can
answer?

The clinical usefulness of biomarkers can be divided into
prognostic and predictive. In infection and sepsis, the
vast majority of the available biomarkers have been eval-
uated to assess prognosis [4]. But the clinical usefulness
of a biomarker that only determines the risk of poor out-
comes remains limited [4, 6].

To define whether a patient that looks septic is indeed
infected [7], we need predictive biomarkers that may
improve our process of triage, diagnosis, risk stratifi-
cation, and assessment of response to antibiotics [8].
Unfortunately, studies on these are scarce and the idea of
a perfect biomarker remains elusive. The ideal predictive
biomarker should present very low or undetectable lev-
els if the patient is not infected, its concentration should
rise ideally before clinical signs of infection, and its lev-
els should anticipate clinical course of infection either
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decreasing if the patient improves or remain elevated if
the infection is not resolving [6, 9].

Are biomarkers potentially harmful?

We are in an era of a huge development of new diagnos-
tic technologies [10]. In infection and sepsis, the next
dilemma will be to know the usefulness of each of these
new biomarkers/technologies as well as their role in
infection management. The next big question is whether
in the near future we will decide to treat an infection
just on the basis of the surrogate biomarker. In critically
ill patients, most biomarkers do not allow identifying
clear cut-off values and significant overlap is present. So,
although central tendency measures such as mean may
differ, no definite point or level is available to unequivo-
cally discriminate between two different pathologic sta-
tuses most of the time. Ideally, only after identification of
a cut-off that is accurate and reproducible to identify the
pathologic status, should we be confident to run trials in
which biomarker alone will drive specific interventions.

How many biomarkers do we need?

Let us consider the use of panels of biomarkers. There
are several examples of studies assessing the best possible
combination of biomarkers in the diagnosis of infection.
Probably, the most complete started with an explora-
tory phase where the authors assessed >150 biomarkers;
then, a total of nine were selected. And a combination of
the best three, related to inflammation, coagulation, and
renal injury, gave the best diagnostic accuracy, with an
area under the curve (AUC) of 0.8, using a complex equa-
tion to determine the so-called sepsis score [11].

But is it necessary and feasible in clinical practice to
perform such a complex and expensive approach? In the
CAPTAIN study, the authors evaluated the diagnostic
accuracy of 29 biomarkers, 10 whole blood RNAs, and
14 leukocyte surface markers and they found that no iso-
lated biomarker nor any combination performed better
than CRP alone (AUC=0.73) [12].
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Fig. 1 Use of biomarker to guide antimicrobial therapy in critically ill patients. This flowchart does not apply to immune-compromised patients
(e.g., febrile neutropenia) or to patients with infections requiring long-term antibiotic therapy (e.g., infectious endocarditis, cerebral abscess, bac-
teremia due to Staphylococcus aureus). £ Initiating antibiotics for all critically ill patients with suspected infection is probably the safest decision,
regardless of the levels of laboratory biomarkers. However, this decision must be reassessed daily. PCT and CRP are proposed as additional tools to
diagnose infection, and different cut-off levels have been proposed in the literature. 9 Consider stopping antibiotics before day 7 in patients with
no proven infection (e.g., negative cultures) regardless of the levels of CRP or PCT. SOFA, Sequential Organ Failure Assessment [13]

or
After 7 full days of antibiotics

As a result, our current proposal is to use one bio-
marker, ideally using serial determinations [13, 14].

Do we need new trials of biomarker-guided
antibiotic therapy?

Although antibiotics are excellent drugs, they are also
associated with several well-known side effects such as

emergence of multidrug resistant pathogens, impact on
microbiota, toxicity, and increased costs. Biomarker-
guided antibiotic therapy is emerged as an attractive tool
to determine its duration. PCT is by far the most stud-
ied biomarker in several randomized controlled trials
(RCT) and meta-analysis, altogether showing significant
decreases in duration of antibiotic therapy without any



significant negative impact on prognosis [1, 4]. However,
in these RCT the duration of therapy in control groups
is systematically above the recommendations based on
the best current evidence [14]. In a recent meta-analysis,
the decreased duration of antibiotic therapy with PCT-
guided algorithms was primarily observed in RCT with
high protocol overruling and with algorithms combining
PCT and CRP [15]. Even though clinicians typically have
a low adherence to general protocols, namely fixed anti-
biotic duration, biomarkers could provide additional evi-
dence and confidence to discontinue antibiotics earlier.

When and how to use biomarkers?

With machine learning (ML) and other techniques
becoming ubiquitous, medicine waits for the application
of the “perfect” algorithm potentially moving clinical rea-
soning and clinical judgment into the background. We
are spending more time looking at the computer screen
than looking at the patient. This over reliance in the
test results is quite dangerous since the ideal biomarker
has not yet been discovered. When to use biomarkers?
Whenever we need additional information at the bedside,
namely in two situations: to help clinicians in the deci-
sion to stop antibiotics but using a double-trigger strategy
combining biomarker-guided therapy and fixed duration
based on the best available evidence [8, 13] (Fig. 1) and
also in the early identification of infected patients that are
not improving.

Further situations in which biomarkers can help us
include improving phenotyping of clinical syndromes,
with promises to enrich RCT entry criteria and move
on personalized precision medicine direction, and as an
additional feature in ML models improving our ability to
predict response to therapy and outcomes.

So, how to use biomarkers? We recommend using
serial determinations rather than single measurements
since these are more informative and should always be
considered along with a dynamic evaluation of the clini-
cal picture. Taking into consideration that the ideal bio-
marker is not yet available, we have to use cautiously
these results. And finally, biomarkers should NEVER be
used as a stand-alone test, but always in conjunction with
a complete clinical evaluation and with a perfect knowl-
edge of the biology, interferences, strengths, and limita-
tions of the biomarker.
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