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In critical care, there is no single answer, no
magic solution - pharmaceutical or diagnostic
that can cure all patients or improve their condi-
tions simultaneously. In ICU Management we are
always, however, in search of new diagnostic
tools and medications, which we can add to our
arsenal of weapons in fighting the deadliest of
conditions that our patients face. While an ideal
biomarker has not been identified, in recent
years, several biomarkers have been highlighted in
studies and research as possible tools in the early
detection and treatment of certain infections.  

In this issue of ICU Management, Dr. Povoa
argues that biomarkers can provide additional
information to the clinical evaluation in the diag-
nosis of infection, risk stratification, as well as in
assessment of the response to antibiotic therapy.
He looks at two such noted biomarkers: C-reac-
tive protein (CRP) and procalcitonin (PCT), in
addition to the newly proposed soluble trigger-
ing receptor expressed on myeloid cells-1
(sTREM–1) and evaluates their possible roles in
the diagnosis of infection. Drs. Coelho and
Pereira from Portugal focus solely on the 
use of serum biomarkers in the evaluation 
of infection response to antibiotics, while
Dominique Vandijck from Ghent University
Hospital examines the cost effectiveness of 
utilising biomarkers in the diagnosis of septic
patients.

As the general population ages, so too does the
number of elderly patients who come into our
direct care in the ICU. Management of these
patients - with their unique needs and treatment
issues is a matter that requires renewed attention
and increased vigilance of the part of ICU teams
as a whole.  Our special focus on care of the eld-
erly begins with a thought-provoking article by
Dr. Barraco from Pennsylvania, USA on how to
reduce perioperative risk in your ICU; and will
culminate in an issue of ICU Management next
year on this timely and important issue for ICU
managers and professionals.

ICU Management Editorial Board Member, Dr.
Flaatten lends his time and expertise to outline
the state of education and training in intensive
care in Europe, a topic of much current study and
discussion in the field.  

In our continuing Hypothermia Series Dr.
Polderman discusses fever control in critically 
ill patients, and in the Management segment 
of this issue, Rebecca Anas, Dr. Brunet and 
colleagues from Toronto, Canada return to ICU
Management to introduce a framework to imple-
ment efficient, evidence based organisation of
care in our units. 

This time our Country Focus lands in Israel for a
brief yet interesting visit: Dr. Gurman discusses
the similarities and differences in the closely
intertwined fields of anaesthesiology and inten-
sive care in Israel, and in general. Freda DeKeyser
Ganz outlines ongoing changes in intensive care
nursing education in Israel, and Rabia Khalaila
and team from Hadassah-Ein Kerem Medical
Center in Jerusalem highlight the importance of
physical assessments done by nurses in the ICU.

As we strive to provide the most efficient, accu-
rate and favorable treatment for our patients-as
critical care professionals, we look continuously
toward science to provide more techniques to us
in early diagnosis and treatments.  A definitive,
specific biomarker for sepsis is yet to be found,
but as the authors in this issue concur, there are
many beneficial uses for those markers that are
readily accessible.

An added note - in this issue, we have elected 
to include references listed by contributing
authors. We hope that this and our continuing
evolution of format and style changes will 
continue to increase the interest and value 
ICU Management. Your comments and requests
are always welcome. Please forward any corre-
spondence to Managing Editor Sherry Scharff at 
editorial@icu-management.org

Jean-Louis Vincent
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NEWS

Lung Injury Still Too Common in
Ventilation, Measures for Protection
Insufficient
www.thoracic.org
Ventilator-induced injury in the lungs is
responsible for a vast number of deaths in
acute respiratory distress syndrome (ARDS).
Even healthy surgical patients, who require
temporary mechanical ventilation, are at risk
of ventilator-induced lung injury. Although
such injuries have been reduced tremendous-
ly over the last few decades, a new study sug-
gests, they have much further to go.
"It is ironic, because for a large number of
patients with ARDS, it is the treatment, rather
the syndrome, which ends up killing them,"
says Luciano Gattinoni, M.D., lead researcher
of the study, which was published in the sec-
ond issue for August of the American Thoracic
Society’s American Journal of Respiratory and
Critical Care Medicine.
Assessing patients' lung stress and strain
appropriately could mean the difference
between life and death. Overestimating stress
may lead to carbon dioxide build-up in the
blood and low ventilation with atelectasis—
or lung tissue collapse. Underestimating stress
may enhance the risk of ventilator-induced
lung injury. The only bedside assessments cur-
rently available are to compute tidal volume
and plateau pressure as surrogate measures for
lung stress and strain in ARDS patients.
To determine whether those measurements
are adequate, Dr. Gattinoni and colleagues

analysed true stress—the internal counter-
force that reacts to an external load—and
strain, the structural change associated with
stress—in a total 80 patients, including post-
surgical patients, patients with ARDS, patients
with Acute Lung Injury (ALI) and patients
with a medical disease. They used a number
of measurements of lung stress and strain,
primarily oesophageal pressure and lung vol-
ume assessment with helium dilution tech-
nique. The investigators found that there was
little correlation between plateau pressure
and tidal volume and actual lung stress and
strain in all four groups.
While plateau pressures and tidal volumes
may be reflective of the chest wall elastance
and lung volume of the population as a
whole, in circumstances where patients
require mechanical ventilation, those general
guidelines are inadequate to assess the indi-
vidual’s lung stress and strain. For example,
there are certain clear indicators that the chest
wall elastance may be altered (e.g. severe obe-
sity). In this case, the plateau pressure would
overestimate the stress.
“The consequences are, of course, potentially
more dangerous in patients in which the
chest wall elastance is more compromised
and the lung volume is more reduced,” said
Dr. Gattinoni. "The immediate clinical impli-
cations are that clinicians should not trust the
conventional measurements.”
Going forward, Dr. Gattinoni and colleagues
would like to see improved measures of lung
stress and strain, including routine assessment
of oesophageal pressure and lung volumes to
compute stress and strain in large populations
of mechanically ventilated patients.

Silver-coated Endotracheal Tubes
appear to Reduce Risk of Pneumonia
Associated with Ventilator Use 
http://jama.ama-assn.org
Among intensive care unit patients who
require mechanical ventilation, use of a silver-
coated endotracheal tube resulted in reduced
incidence of pneumonia associated with ven-

tilators, according to a report in the August 20
issue of JAMA.
Ventilator-associated pneumonia is associated
with longer hospital stays, increased health
care costs and infection with antibiotic-resist-
ant pathogens, according to background
information in the article. It is likely to devel-
op when pathogenic bacteria colonise the
aerodigestive tract or when patients breathe
out contaminated secretions. "Prevention
strategies often focus on modifiable risk
factors for colonisation and aspiration and
can successfully reduce ventilator-associated
pneumonia rates, but no single strategy
completely eliminates ventilator-associated
pneumonia," the authors write. "Adherence
to prevention guidelines is variable due to
costs and lack of education, resources and
leadership."
Silver has displayed antimicrobial activity in
the laboratory and has blocked the formation
of harmful pathogens on ventilator tubes in
animal models. Marin H. Kollef, M.D., of the
Washington University School of Medicine,
and colleagues in the NASCENT Investigation
Group report on a randomised controlled
trial involving patients at 54 centers expected
to require mechanical ventilation for 24
hours or longer. Between 2002 and 2006,
2,003 patients were randomly assigned to
undergo intubation with either a silver-coat-
ed tube or a similar tube that was not coated.
Of 1,509 patients who were intubated for 24
hours or longer, 4.8 percent of those with sil-
ver-coated tubes developed ventilator-associ-
ated pneumonia, compared with 7.5 percent
of those with uncoated tubes—a 35.9 per-
cent relative reduction in risk. Among 1,932
patients who were on ventilators for any
length of time, the silver coating was associ-
ated with a 34.2 percent relative reduction in
risk of developing pneumonia (3.8 percent of
those with silver-coated tubes vs 5.8 percent
with uncoated tubes).
In addition, the silver-coated tubes were asso-
ciated with a delayed occurrence of ventila-
tor-associated pneumonia. No differences
were seen between the two groups in medi-
an (midpoint) duration of intubation, length
of stay in the intensive care unit (ICU) or in
the hospital, death rates or frequency and
severity of adverse events.
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Biomarkers, namely CRP and PCT, can help
clinicians at the bedside since when used in
combination with the clinical examination
they add useful information in the diagnosis
of infection.

Introduction
In clinical practice a biomarker can serve several
objectives. In a quick review of the published liter-
ature, it is easily perceived that a large number of
studies assess the value of biomarkers in the prog-
nosis of infection and sepsis. Though, one could
wonder, what the point is at the bedside, of utilis-
ing a prognostic biomarker. Ascertaining if a partic-
ular patient has a high risk of dying, is pointless
especially when the attending physician can do
nothing to change that prognosis! However, bio-
markers can provide additional information to the
clinical evaluation namely in the diagnosis of infec-
tion, risk stratification, assessment of the response
to antibiotic therapy and finally in antibiotic stew-
ardship (Povoa et al. 2002; Povoa et al. 2008). In
this review we are going to discuss the role of bio-
markers in the diagnosis of infection.

Biomarkers in the Diagnosis of Infection
Physicians are often faced with the following ques-
tions; whether a patient is infected or not; what is
the primary source of infection and what is/are the
infecting organisms as well as their sensitivity pat-
terns. However, non-infectious clinical situations
can be associated with a sepsis-like syndrome that
makes sepsis diagnosis even more difficult.
Consequently, antibiotics are frequently prescribed
without a definite diagnosis of sepsis because of
the fear of missing an infection.

The correct diagnosis represents our ability to
identify in a target population those with the dis-
ease. A diagnostic test is something that indicates
that a particular clinical condition will occur. The
quality of the information provided by a diagnos-
tic test, and consequently its usefulness, depends of

the accuracy with which it identifies the target dis-
order. Since the ideal biomarker has not yet been
identified, clinicians should know their limitations
and strengths, namely sensitivity, specificity, areas
under the receiver operating characteristics (AUC)
curve and finally, the likelihood ratios (LR) (Table
1) obtained from high-quality studies.

From a very large number of investigations on bio-
markers I will select three, C-reactive protein
(CRP) and procalcitonin (PCT), probably the more
studied biomarkers, and finally, soluble triggering
receptor expressed on myeloid cells-1 (sTREM–1),
recently proposed.

Plasma CRP rises whenever an inflammatory
process is present and, characteristically, its serum
concentration depends only on the intensity of the
stimulus and on the rate of synthesis (Povoa et al.
2002). Conflicting results have been reported from
studies assessing the value of CRP as a diagnostic
marker of infection, which are a consequence from
differences in inclusion criteria (Simon et al. 2004;
Tang et al. 2007). However, using more strict
inclusion criteria CRP has been shown to be a valu-
able marker of infection. Recently our group
showed that CRP of infected patients (N=76) was
significantly higher than that of controls (N=36)
(Povoa et al. 2005). A CRP concentration > 8.7
mg/dl was associated with infection with sensitiv-
ity of 93.4% and specificity of 86.1% (AUC 0.93;
positive LR 6.71 and negative LR 0.08).
Interestingly, Sierra et al., using similar inclusion
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Diagnostic accuracy

High

Intermediate

Low

Very low

+LR

>10

5 – 10

2 – 5

<2

−LR

<0.1

0.1 – 0.2

0.2 – 0.5

>0.5

AUC

>0.9

0.7 – 0.9

0.5 – 0.7

<0.5

Table1+LR – positive likelihood ratio; −LR –

negative likelihood ratio; AUC – area under the

ROC curve
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criteria (infected N=70; non-infected N=80),
came to almost identical findings (cut-off 8.0
mg/dl; AUC 0.94; positive LR 7.41 and negative LR
0.065) (Sierra et al. 2004). A recent study showed
that the appropriateness of antibiotic therapy was
associated with a reduction of tracheal bacterial
load in monomicrobial ventilator associated pneu-
monia (VAP) (N=168) (Lisboa et al. 2008). Even
though, diagnosis of infection was not the primary
aim of this study, it nicely demonstrated a good
correlation between CRP values and tracheal bacte-
rial load indicating again that CRP could be used as
a surrogate marker of infection.

Procalcitonin is classified as hormokine since it has
simultaneously hormone and cytokine properties
(Christ-Crain et al. 2007). In a classic paper, in a
paediatric patient population (N=79), PCT was
much higher in infected children and severe bacte-
rial infections elicit much higher PCT concentra-
tions than viral or localized infections (Assicot et
al. 1993). However, the cut-off of PCT for infection
diagnosis has not yet been definitively established
(de Werra et al. 1997; Ugarte et al. 1999) due, at
least in part, to the diverse inclusion criteria
(Cohen et al. 2001; Povoa et al. 2008). Using strict
criteria, namely the presence of documented infec-
tion (N=111) versus no infection and no antibiot-
ic therapy (N=79), Ugarte et al. found that the
AUC of PCT for diagnosis of infection was 0.66
(positive LR 1.74; negative LR 0.53) (Ugarte et al.
1999). In patients undergoing cardiac surgery,
Aouifi et al. found that, after cardiopulmonary
bypass (N=36), PCT increase to levels above 1
ng/ml irrespective of the type of surgery and that
a PCT > 5 ng/ml was suggestive of complications
(N=10) either of infectious or non-infectious ori-
gin (N=7) (Aouifi et al. 1999). In another study
(Aouifi et al. 2000), the same group found that
patients with postoperative infectious complica-
tions showed PCT values significantly elevated
(positive LR 17; negative LR 0.16). However,
patients with mediastinis (N=9) presented similar
PCT values to the non-infected group, 0.8 ± 0.58
ng/ml and 0.41 ± 0.36 ng/ml, respectively.
Similarly, Luyt et al. in a study to assess the value of
PCT kinetics in the evaluation of documented VAP
course, found a good correlation with clinical
severity. However, some patients presented unde-
tectable PCT levels (Luyt et al. 2005).

The sTREM-1 is a member of the immunoglobulin
family. In the original study, Gibot et al. measured
sTREM-1 in bronchoalveolar-lavage fluid finding

that it could be a very accurate marker in the diag-
nosis of pneumonia (Gibot et al. 2004). These
results were reproduced by Determann et al. in 28
critically ill patients (AUC=0.829) (Determann et
al. 2005). However, plasma sTREM-1 levels
remained almost unchanged both in VAP as well as
in controls. Phua et al. found that serum sTREM-1
was significantly elevated in 150 patients with
community-acquired pneumonia, chronic
obstructive pulmonary disease and asthma exacer-
bation (Phua et al. 2006). However, the AUC for
serum sTREM-1, as a surrogate marker for the need
of antibiotics in lower respiratory tract infections,
was marginal, 0.77. 

To overcome the limitations of a single biomarker
some studies evaluated the relative accuracy of
panels of biomarkers. Gaini et al. evaluated the
accuracy of four biomarkers in 194 patients, in
particular CRP and PCT, to identify patients with
infection (Gaini et al. 2006). They found that CRP
was the biomarker with the highest diagnostic per-
formance, whereas PCT presented the lowest (AUC
= 0.83 vs. 0.77, respectively). Similarly, Kofoed et
al. evaluated six biomarkers, in particular CRP, PCT
and sTREM-1, in the diagnosis of community-
acquired sepsis (N=151, 96 with documented
infection) (Kofoed et al. 2007). Again, CRP was
found to have the best diagnostic performance for
bacterial infection (AUC=0.81), well above the
performance found for PCT (AUC=0.72) and
sTREM-1 (AUC=0.61). 

Biomarkers are not static but dynamic, presenting
marked changes in response to different inflamma-
tory stimulus, specifically, bacterial infections.
Consequently serial measurements could be more
informative than a single one. Our group showed
that daily CRP monitoring could be useful in the

"Biomarkers are not static but dynamic,
presenting marked changes in response

to different inflammatory stimulus,
specifically, bacterial infections....

serial measurements could be more
informative than a single one."



early prediction of intensive care unit-acquired
infections during the five days before infection
diagnosis (Povoa et al. 2006). We identified four
patterns of CRP course with different correlations
with infection (Figure 1). A steady increase in and
a persistently elevated CRP concentration (patterns

A and B) were associated with high risk of infec-
tion. In contrast, a decrease in and continuously
low CRP value (patterns C and D) were associated
with low risk of infection. Furthermore, a maxi-
mum daily CRP variation >4.1 mg/dl was a good
marker of infection prediction (sensitivity 92.1%,
specificity 71.4%; positive LR 3.22 and negative LR
0.11), and, in combination with an absolute CRP
concentration >8.7 mg/dl, its discriminative
power increased even further (sensitivity 92.1%,
specificity 82.1%). In a retrospective study
(N=105), Vandijck et al. showed that both Gram-
negative and Gram-positive bloodstream infections
showed significant CRP increases in the days before
diagnosis and that these changes were significantly
higher with Gram-negatives (CRP d-2 to d+1 GPB
vs GNB 3.1 vs 6.2 mg/dl, p=0.025) (Vandijck et
al. 2007). In patients with suspected VAP, Luyt et al.
evaluated changes in PCT in the five days before
diagnosis (Luyt et al. 2007). The authors were
unable to find any significant change both in con-
centration as well as delta PCT (positive LR 2.73;
negative LR 0.69).

"...biomarkers,  
namely CRP and PCT, 
can help clinicians....

when used in combina-
tion with a good clinical

evaluation, they add 
useful information 
in the diagnosis of 

infection."

 continued on p. 20


