
Background

In intensive care units (ICUs), physicians and nursing 
auxiliary are confronted with a broad range of severe 
medical conditions, such as cardiac and respiratory dis-
orders, viral and bacterial infections, severe bleedings, 
trauma and as a result of aforementioned situations 
(multiple-) organ dysfunction. Goldhill and Sumner 
(1998) reported that 23.8% of 12,762 patients admitted 
to 15 British ICUs died. Similar figures (26.6%) were 
reported from a prospective multicenter trial which 
included 873 ICU patients (Nfor et al. 2006). Moreover, 
many patients died after discharge from ICU. Post-ICU 
(in-hospital) mortality has been reported to be 7.3% as 
well as 17.9 or 27% (Goldhill & Sumner 1998, Latour 
et al. 1990, Rowan et al. 1993). Despite the tremendous 
progress achieved in the care for patients requiring 
intensive care over the last decades, such as by mod-
ern antibiotic therapy and mechanical ventilation, the 
overall mortality of ICU patients improved surpris-
ingly little (Resche-Rigon et al. 2006). One reason for 
this phenomena may be a lack of differentiation with 
an oversimplifying approach applying the current 
“gold standard therapy” for all patients with a given 
diagnosis. Indeed, it is most likely that we are not fully 
recognizing the existing heterogeneity with regard to 
the current status within one disease and thus ignoring 
potential individual needs in a given situation. It may 

be postulated that a more personalized therapeutic 
approach should lead to better medical care and as 
a result to better prognosis of the critically ill patient. 
A prerequisites for such an individualized rational 
decision making are objective parameters and criteria 
enabling meaningful differentiation, with biomarkers 
being the key candidate for such strategies.

The potential of biomarkers

In 2001, the term “biomarker” was defined by a working 
group of the National Institutes of Health as “a charac-
teristic that is objectively measured and evaluated as an 
indicator of normal biological processes, pathogenic 
processes, or pharmacological responses to a thera-
peutic intervention” (Biomarkers Definitions Working 
Group 2001). Several categories of biomarkers can be 
distinguished, including (i) disease biomarkers reflecting 
severity and status of disease, (ii) efficacy and pharmaco-
dynamic biomarkers mirroring an effect of a given treat-
ment/compound, (iii) safety biomarkers which indicate 
toxic and side effects of a therapy as soon as possible, 
(iv) stratification/prediction biomarker which helps to 
select patients most likely to benefit from treatment and 
(v) surrogate biomarkers regarded as valid substitute 
for a clinical outcomes measure (Kroll 2008). Different 
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biomarker types and the respective field of application 
including examples are displayed in Table 1.

Biomarkers are of increasing importance for both, 
preclinical researchers and physicians in many areas 
including intensive care medicine. The assessment of 
biomarkers is a valuable tool in therapy monitoring, 
contributes to the prediction of outcome and is already 
indispensible in patient stratification today and it is most 
likely that biomarkers will have even stronger impact 
tomorrow. Even if the determination of a number of 
biomarkers in the intensive care units (ICUs) generates 
additional initial costs, it could be the least expensive 
alternative in the long run because biomarkers could 
help to characterize the status of the patient more pre-
cisely and enable selection of the most appropriate treat-
ment regimen with the higher probability of success in 
this special situation. Such strategy adds up-front cost, 
which, however, is offset by a decrease in the mean resi-
dence time of patients in the ICU due to optimized care. 
Biomarkers are well established in oncology already, 
and are likely to change the clinical situation dramati-
cally over the upcoming years. The most prominent 
examples for the use of biomarkers in order to optimize 
medical care in this indication is the patient stratification 
for therapy with trastuzumab (Herceptin®) and dasat-
inib (Sprycel®). Trastuzumab, a cytostatic humanized 
monoclonal antibody against human epidermal growth 
factor receptor 2 (HER2), is approved for the treatment 
of metastatic breast cancer and gastric or gastro-esopha-
geal junction cancer only in patients with proven HER2 
overexpression in tumor tissue (Bang et al. 2010, Slamon 
et  al. 2001, Dowsett et  al. 2009). The tyrosine kinase 
inhibitor dasatinib is indicated for the treatment of 
patients with Philadelphia chromosome-positive acute 
lymphoblastic leukemia and adults with chronic myeloid 
leukemia with resistance to prior therapies. As dasatinib 
is still efficacious in patients displaying mutations of the 
Philadelphia chromosome (exception: mutation T315I), 
patients can be stratified for or excluded from dasatinib 
treatment based on therapy resistance and mutation 
analysis (O’Hare et al. 2005, Hochhaus et al. 2007, Shah 
et al. 2008). These two examples underline the contribu-
tion of biomarkers to medical innovation and show the 
relevance of biomarker research for the development 
process of new chemical/biological entities in the phar-
maceutical industry. Introduction of already established 
as well as newly identified and validated biomarkers in 
clinical trials is expected to increase the speed of devel-
opment and to enhance the chances for success. In 
light of the exploding research and development costs, 
this seems urgently needed (Pharmaceutical Industry 
Profile 2010, Hughes 2008, Dickson and Gagnon 2004). 
Furthermore, biomarkers have the potential to speed 
up the development process. Beyond drug approval, 
biomarkers can represent a unique selling point of an 

innovative drug and thereby increase the likeliness of 
reimbursement by the public health systems. In sum-
mary, biomarkers can help to bring innovative medicine 
faster to the patient.

Like in oncology, in intensive care medicine, biomark-
ers have the potential to pave the way to personalized 
medicine. In the future, medical decisions based on 
biomarkers may become a matter of life and death in 
these seriously ill patients as well. Indeed, there is a 
trend to differentiate intensive care patients which pre-
viously were summarized in single diagnostic entities, 
with sepsis being the most obvious example. About three 
decades ago, sepsis was just seen as a life-threatening 
infection triggering systemic hyperinflammation. In 
the meanwhile, it became clear that patients differ tre-
mendously and undergo different phases. Just from the 
immunological point of view, we can now differentiate 
a systemic hyperinflammatory response which may be 
flowed by a phase of immunodepression, e.g. compen-
satory anti-inflammatory response syndrome (Figure 
1). Whereas immunosuppression should be beneficial 
in the first phase, it could be detrimental in the second 
phase of the disease. Indeed, immunostimulation may 
be more appropriate in septic patients with immunode-
pression where immunosuppression may even be det-
rimental (Asadullah et al. 1995, Volk et al. 1996, Döcke 
et al. 1997). As the majority of sepsis trials had a negative 
outcome (Natanson et al. 1998, Zeni et al. 1997), it may 
be speculated that the failure of the anti-tumor necrosis 
factor α (anti-TNFα) trials in this indication, showing a 
trend towards an even increased mortality, is a result of 
the lacking stratification based on the immune status. 
Indeed, the anti-TNFα antibody fragment afelimomab 
for example reduced the 28-day all-cause mortality 
significantly in patients who were stratified based on 
serum interleukin-6 (IL-6) levels above 1000 pg/mL. 
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Potentially beneficial therapeutic approach

Figure 1.  Phases of immunocompetence in septic patients.
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Patients with IL-6 concentrations below the threshold 
of 1000  pg/mL did not benefit significantly from afe-
limomab (Panacek et  al. 2004). In consequence, it is 
essential to detect whether a septic patient is either in a 
hyper- or hypoinflammatoric phase in order to make the 
appropriate therapeutic decision (Figure 1) or to define 
the appropriate patient population (stratification) for 
meaningful clinical studies to develop new drugs.

Beside sepsis, a huge number of life-threatening con-
ditions are commonly found in the ICUs like e.g. patients 
requiring high dose immunosuppressive therapy after 
organ transplantation, patients suffering from renal 
failure, acute lung injury/respiratory distress syndrome, 
acute decompensated heart failure (HF) or multiple 
trauma and shock. In a few indications, biomarkers are 
already used e.g. to guide immunosuppressive dosing 
in transplant patients. This includes CD3 cell count for 
the dosing of anti-thymocyte globulin therapy or meas-
urement of human leukocyte antigen–DR expression 
on monocytes to guide immunosuppressive therapies 
(Asadullah et  al. 1995, Volk et  al. 1996, Döcke et  al. 
1997). Furthermore, well-accepted biomarkers like e.g. 
bilirubin and creatinine are already an integral part 
of scoring systems like the Sequential Organ Failure 
Assessment Score, which is routinely applied to assess 
severity of disease, monitor therapy response and pre-
dict outcome (Vincent et al. 1996, 1998, Ferreira et al. 
2001). However, biomarkers need to be applied in a 
broader range to dramatically change the situation by 
building the basis for therapeutic decisions, e.g. choice 
of the drug. This requires a new mindset of both clini-
cians and scientists in the public health sector as well 
as in the pharmaceutical industry.

Although biomarker application and even more 
biomarker-based decision making for intensive care 
health professionals are still in their infancy and we 
certainly will observe (more) failures, we are convinced 
that biomarkers will fundamentally change the fate of 
many ICU patients, even with the therapeutic options 
existing today. Moreover, it will pave the way for devel-
oping better drugs suited for well-defined subgroups. 
These positive statements does not ignore the fact that 
based on the severity of the diseases and the complexity 
of the underlying conditions, e.g. in severe poly-trauma, 
multi-morbid patients, mortality will always be high and 

development of new drugs in these patients still challeng-
ing and risky.

About this special issue

Within this special issue, the use of already well-es-
tablished biomarkers as well as the status quo of the 
research for novel and unprecedented biomarkers in 
diseases requiring intensive care will be reviewed. This 
will include endothelial dysfunction and coagulation 
disorders in systemic inflammatory syndroms and sep-
sis (Paulus et al., 2011), organ transplantation (Sawitzki 
et al., 2011), acute kidney injury (AKI) (Urbschat et al., 
2011), respiratory disease (Amen et al., 2011) as well as 
HF and artificial heart transplantation (Kramer et al., 
2011). The first review of the present special issue 
written by Paulus et  al. (2011) summarize the clini-
cally used coagulation biomarkers with regard to their 
pathophysiological background. Sawitzki et al. (2011) 
review recently described biomarkers which might 
enable identification of patients suitable for partial or 
complete weaning of immunosuppression after organ 
transplantation. Urbschat et al. (2011) highlight estab-
lished and novel urine and serum biomarkers of AKI, 
which have progressed to clinical phase with regard 
to their diagnostic and prognostic value. Amen et  al. 
(2011) demonstrate that V/Q matching is a powerful 
biomarker to assess therapy response and prognosis in 
pulmonary disease. And last but not least, Kramer et al. 
(2011) summarize the current knowledge regarding 
remodeling biomarker in terminal HF and in patients 
pre- and postimplantation of left ventricular assist 
devices or total artificial hearts. Authors contributing 
to this special issue were recruited from both, lead-
ing academic and industrial institutions. This seems 
important to us, because modern biomarker discovery 
requires close interactions from scientist representing 
research and clinical development in both, pharma-
ceutical industry and academia. With this compilation 
of reviews on biomarkers and biomarker research in 
intensive care medicine, we aim to summarize the 
most relevant scientific knowledge accumulated in 
this field so far and thereby building a basis for further 
research.

Table 1.  Different biomarker types, the respective field of application and examples.

Biomarker type Application Example

Disease biomarker Diagnosis and staging Nt-proBNP for the diagnosis of pressure 
overload of the heart

Efficacy/pharmacodynamic biomarker Early detection of treatment response and dose 
finding

HbA1c to monitor anti-diabetic therapy

Safety biomarker Indication of toxic and side effects KIM-1 and cystatin C to identify kidney injury

Stratification biomarker Patient selection HER2 to select patients for trastuzumab therapy

Surrogate biomarker Prediction of outcome/prognosis HDL and LDL to monitor dyslipidemia therapy
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