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Abstract

The first decade of the new millennium started with a series of high impact publications demonstrating new medical
strategies which could improve survival in patients with sepsis. However, most of the confirming studies for these
new strategies failed to reproduce the results of the initially positive clinical trials.

Due to the high incidence of sepsis (at present 76–110 per 100,000 adult inhabitants per year in Germany), which
will further increase in the next decades as a consequence of the demographic change with more elderlies, and due
to the mortality of > 45 % for severe sepsis and septic shock, sepsis constitutes a challenge for politicians, researchers,
and clinicians.

The high direct and indirect costs of sepsis cause a high economic burden for the health care system challenging
the politicians to set up the resources to efficiently fight against this disease. At the same time, researchers should
aim at a better understanding of the pathophysiology of sepsis allowing for new drug development and a better trans-
lation from basic research results into the clinical practice. In combination with more preclinical and pre-marketing
studies this could identify more precise indications and contraindications for new drugs and even avoid or at least
limit the failure of expensive clinical trials. Besides the need for an improved understanding of the pathophysiology
of sepsis the clinicians have to improve their implementation of the guidelines for prevention of nosocomial infections.
Moreover, it is essential that all involved physicians are diagnosing sepsis as soon as it occurs in order to treat sepsis
according the current guidelines. In addition, beside the needs which results from acute medical treatment, the clini-
cians have to learn to deal with the long-term consequences for the patients and their relatives.

Zusammenfassung

Die erste Dekade des neuen Jahrtausends begann mit einer Reihe von aufsehenerregenden Publikationen von neuen
Behandlungsstrategien, die das Überleben von Patienten mit sepsis verbessern können. Viele der Kontrollstudien für
diese neuen strategien konnten jedoch die Resultate der ersten positiven klinischen Versuche nicht bestätigen.

Aufgrund der hohen Inzidenz der sepsis (zurzeit 76–110 auf 100000 erwachsene Einwohner pro Jahr in Deutsch-
land), welche in den nächsten Jahrzehnten als Konsequenz des demographischen Wandels mit mehr älteren Personen
noch ansteigen wird, und der großen Mortalität von mehr als 45 % bei schwerer sepsis und septischem schock sind
septische Erkrankungen eine Herausforderung für Politiker, Forscher und Kliniker.

Die hohen direkten und indirekten Kosten der sepsiserkrankungen verursachen eine bedeutende Belastung für die
Gesundheitssysteme, und die Politik ist gefordert, ausreichende Ressourcen für eine effiziente Bekämpfung dieser
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Krankheit bereitzustellen. Gleichzeitig sollten die Forscher auf ein besseres Verständnis der Pathophysiologie der
sepsis hinarbeiten, das die Entwicklung neuer Medikamente und eine bessere Umsetzung von Erkenntnissen der
Grundlagenforschung in die klinische Praxis erlaubt. In Verbindung mit mehr vorklinischen studien und Analysen
vor der Markteinführung könnten auf diese Weise die präzisen Indikationen und Kontraindikationen für neue Medi-
kamente ermittelt und das Risiko des scheiterns großangelegter und teurer klinischer Versuche eingeschränkt werden.
Die Kliniker sollten – neben der Notwendigkeit, die Pathophysiologie der sepsis besser zu verstehen – vor allem die
Richtlinien zur Vermeidung von Hospitalinfektionen weiterentwickeln. Es ist besonders wichtig, dass alle beteiligten
Ärzte eine sepsis so früh wie möglich diagnostizieren, um eine solche Erkrankung gemäß den aktuellsten Richtlinien
zu behandeln. Neben den Erfordernissen der akuten Behandlung müssen die Ärzte es auch lernen, mit den langzeitigen
Konsequenzen für die Patienten und ihre Verwandten umzugehen.

The first decade of the new millennium started with a series of high impact publications
demonstrating medical strategies which could improve survival in patients with sepsis. At the
beginning of the decade the ARDs-Network published results showing that a protective ven-
tilation strategy using a tidal volume of 6 ml/kg ideal bodyweight resulted in a 9 % survival
benefit (The ARDS Network 2000). one year later VAN DE BERGHE et al. (2001) published a
monocentric study revealing that an intensive insulin therapy with blood glucose levels be-
tween 80–110 mg/dl was associated with an 4 % increase in over-all survival rate in general
surgical intensive care patients in comparison to conventional insulin therapy which was only
initiated if blood glucose levels were higher than 215 mg/dl. In the same year, BERNARD et al.
(2001) published a multicenter study on the use of activated protein C in patients with severe
sepsis (PRoWEss-study) which resulted in an increase in survival of 6 % in the intervention
group. In 2002, two further interesting studies were published: RIVERs et al. (2002) showed
that early and aggressive resuscitation in sepsis aiming at a mean arterial blood pressure of 
> 65 mmHg, a central venous oxygen saturation of > 70 % and a central venous pressure of 
> 8–12 mmHg resulted in a 16 % survival benefit. ANNANE and coworkers (2002) found a 
6 % increase in survival using low hydrocortisone therapy in septic shock.

Theoretically, combining all these new strategies should have resulted in a cumulative 
41 % increase in survival rate. However, no one expected such an increase in sepsis survival.
Nevertheless, inspired from the positive findings of the above studies, the International sepsis
Campaign published the so-called Barcelona Declaration: “In view of the urgent need for ac-
tion to deal with the growing burden of sepsis we […] call on healthcare professionals, health
agencies and the public to support our initiative to reduce the incidence of sepsis mortality by
25 % within 5 years.”

Unfortunately, we had to realise that our hopes were not fulfilled. Very recently, VILLAR

et al. (2011) published the ALIEN-study demonstrating that despite the use of lung protective
ventilation, overall ARDs intensive care unit (ICU) and hospital mortality was still as high as
42.7 % and 47.8 %, respectively. A second study on intensive insulin therapy in general medical
ICU patients could not demonstrate the previously shown survival benefit. The first study an-
alyzing this approach in a population of septic patients, the so-called VIsEP trial by BRUNK-
HoRsT et al. (2008) even revealed a trend towards a lower survival rate in the intensive insulin
group. In addition, the incidence rate of severe hypoglycemia episodes (≤ 40 mg/dl) was higher
in the intensive-therapy group than in the conventional-therapy group (17.0 % vs. 4.1 %), as
was the rate of serious adverse events (10.9 % vs. 5.2 %). Moreover, further studies on the use
of activated protein C in severe sepsis in adults (ABRAHAM et al. 2005) and children (NADEL

et al. 2007) could not confirm the positive results of the PRoWEss-study. since also the
PRoWEss-shock study, which assessed the efficacy of activated protein C in septic shock,
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demonstrated negative results, the company decided in october 2011 to withdraw activated
protein C from the market worldwide. Finally, a second multicenter study on the use of low
dose hydrocortisone also failed to confirm a survival benefit in patients with septic shock
(sPRUNG et al. 2008).

All these studies failing to reproduce the results of initially positive clinical trials lead to
the prognosis that sepsis will constitute a challenge also for the next decades for politicians,
researchers and clinicians.

1.   Challenges for the Politicians

The incidence and relevance of sepsis is often underestimated. In 2001, ANGUs and coworkers
(ANGUs et al. 2001) estimated that in the Us alone at least 750,000 cases of severe sepsis occur
every year. Because this figure was based on data from the year 1995, the Us will most prob-
ably have an even higher number of cases today. The above authors believe that the number
of cases of severe sepsis will increase steadily with an annual rate of 1.5 %. since this increase
in the incidence of severe sepsis is greater than the anticipated population growth, it is believed
that this reflects, to some extent, the demographic change and the increase in the number of
elderly Americans, who are more often suffering from sepsis than younger people. It has been
shown that the incidence of sepsis is age-dependent, and starts in the Us with 5.3/1000 at the
age < 1 year, decreases to 0.2/1000 at the age of 5–14 years and finally increases to 26.2/1000
at the age > 85 years. There are predictions that in 2050 the Us will have a population of 550
million inhabitants and at the same time an incidence of sepsis of 1.6 million cases per year,
which is double as high as today.

In 2003, a prospective observational, cross-sectional 1-day point-prevalence study was
performed in Germany to determine the national incidence, mortality and treatment of sepsis,
severe sepsis and septic shock (ENGEL et al. 2007). 454 ICUs from a representative nationwide
sample of 310 hospitals stratified by size were visited. From the received data the expected
number of newly diagnosed cases with severe sepsis in Germany was estimated to be between
76–110 per 100,000 adult inhabitants per year. Therefore, the German politicians as well as
the national health insurances have to realise that the given numbers of the German ministry
of health dating from the year 2002 with an anticipated number of 5700 sepsis cases annually
is too low, and might be as much as 10-times higher and still increases due to the demographic
change. With such a high incidence the significance/meaning for the population is the same
as e. g. breast carcinoma or colon carcinoma, which are newly diagnosed every year in
110/100,000 inhabitants and 50/100,000 inhabitants, respectively. sepsis might even be more
dangerous since the ICU and hospital mortality of patients with severe sepsis was 48.4 % and
55.2 %, respectively, which is higher than the mortality in breast or colon carcinoma.

The high incidence in combination with the high mortality rate causes a high economic
burden for the health care system as well as the society. This economic burden is not only due
to direct costs, which are estimated to be about 5 billion € per year in Germany, but also due
to 10.2 billion € annual indirect costs (BRUNKHoRsT et al. 2011). These costs may result from
the expensive acute medical treatment, but also from the post-discharge phase. Most patients
have persistent cognitive and functional limitations in different areas (IWAsHyNA et al. 2010),
which slow down or even forbid the return to their normal working life. Moreover, it has been
shown that not only patients after having survived severe sepsis but also close relatives are
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developing anxiety and a posttraumatic stress disorder syndrome, resulting in a need for treat-
ment. Therefore, beside the urgent need to create more awareness for the disease “sepsis”, the
politicians are asked to generate funds for treatment and research programs.

2.   Challenges for the Researchers

Reasons for the failure of the initially mentioned confirmatory clinical studies might be the
incomplete understanding of the pathophysiology of sepsis, the insufficient translation from
basic research into the clinical practice and the time pressure of companies to get drug approval
in order to allow a reimbursement for their research investment.

Clinicians still treat sepsis, severe sepsis and septic shock more or less independent from
the etiology, since the final pathway of this disease leading to cardio-pulmonary failure and
multi-organ failure is believed to be the same. But this idea may be misleading.

on the one hand some major cornerstones of the inflammatory response are known and
seem to represent the common pathway in most etiologies of sepsis. The activation of the
complement system and the C5-convertase activity of thrombin in the coagulation cascade
lead to the generation of the anaphylatoxin C5a. This anaphylatoxin causes the release of
pro-inflammatory mediators, such as the macrophage migration inhibitory factor (MIF) and
the high-mobility group box 1 protein (HMGB1), and induces the tissue-factor expression,
which is part of the coagulation cascade. Today, we know that the complement system, the
coagulation cascade and the fibrinolysis cascade are interacting. Each of these systems has
its own way to influence the course of the sepsis, e. g. HMGB1 binds to Toll-like receptor 4
(TLR4) and increases the release of further pro-inflammatory mediators. The complex Toll-
like receptor signaling with the associated downstream effectors of immune cell function
plays a crucial role in the innate system as a first line of defense. However, the signaling of
the different mediators may also cause a sustained inflammatory response which can result
in severe tissue damage. The Toll-like receptors are one of three families of so-called pattern
recognition receptors, which initiate the host response during sepsis or tissue injury respon-
sible for the innate immune response and regulation of the adaptive immune response to in-
fection. The other two families are the nucleotide-oligomerisation domain leucine-rich repeat
proteins and the cytoplasmic caspase activation and recruiting domain helicases such as
retinoic-acid-inducible gene I-like helicases. Without doubt, there is a lot more of knowledge
on the common pathway of sepsis, which is, however, not the scope of this article.

on the other hand, there are data showing that, depending on the etiology, the pathophys-
iology of sepsis is very specific, e. g. in case of Streptococcus A. The leading invasive strain
of group A Streptococcus produces the M1 protein, which is a major virulence factor inducing
toxic-shock-like vascular leakage and tissue injury. Neither the M1 protein nor fibrinogen
alone are able to cause neutrophil activation. However, the structural complex formed be-
tween streptococcal M1 and human fibrinogen is responsible for this part of the pathophys-
iology in Streptococcus A sepsis (MACHEBoEUF et al. 2011). This example shows that our
current knowledge, especially with respect to structural complex buildings between different
mediators and receptors, is still incomplete and may be responsible for etiology specific path-
ways of sepsis.

Moreover, we only begin to understand how the results of basic research can be translated
into clinically effective therapeutic strategies. sometimes the basic molecular findings justify
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the hope for an effective new therapy of sepsis. Companies take up the new idea and try to
get the necessary data to get market approval as fast as possible. However, due to this eco-
nomic – and sometimes also clinical – pressure to get a drug approval as fast as possible, es-
sential preclinical and premarketing research might be shortened or even missing. This could
result in clinical studies in which basically effective drug therapies fail to show a benefit be-
cause the indication is not specifically enough defined. An example for such an insufficient
premarketing research might be activated protein C. Although in the late 1980s and early
1990s several laboratory and animal studies revealed evidence for the involvement of acti-
vated protein C in the sepsis pathway, BERNARD and coworkers who had published in 2001
the first multicenter trial on activated protein C still had to entitle the figure explaining the
mechanisms of action with “Proposed actions of activated protein C in modulating the sys-
temic inflammatory, procoagulant, and fibrinolytic host responses to infection”. Whereas the
so far known mode of action gave reason to believe that children and adults with different
degree of sepsis should benefit from activated protein C, the performed specific trials could
not demonstrate a survival benefit in children (NADEL et al. 2007), in patients with sepsis and
only one organ failure (ABRAHAM et al. 2005) or in patients with septic shock, which finally
led to a worldwide withdrawal of this drug from the market. This clearly demonstrates our
insufficient understanding of the mode of action of this drug and the insufficient preclinical
studies to identify the correct indications and contraindications. on the long run, in order to
avoid such disappointing clinical results it might be less expensive to invest more in basic
research and preclinical studies.

3.   Challenges for the Clinicians

The challenges for clinicians are manifold. Besides the need for a better understanding of the
pathophysiology of sepsis the physicians have to prevent nosocomial infections, diagnose sep-
tic patients as early as possible, treat sepsis according the current guidelines and deal with the
long-term consequences for the patients and their relatives.

Although sepsis mostly results from etiologies which cannot be influenced by the clini-
cians, we have to accept that in some cases hospital acquired infections are the cause of sepsis.
Whereas endogenous caused hospital acquired infections are only partly avoidable, the ex-
ogenous caused hospital acquired infections are mostly preventable. It is estimated that out 
of the 400,000 to 600,000 nosocomial infections occurring in Germany every year about
80,000–180,000 are avoidable (GAsTMEIER et al. 2010). The most important reason for the ex-
ogenous caused hospital acquired infection is the insufficient compliance with evidence-based
infection control guidelines. Especially the hand hygiene control measures are insufficiently
followed (BERENHoLTz et al. 2004). It is estimated that the insufficient adoption of the infection
control measures causes the death of 1500 to 4500 patients every year in Germany (GAsTMEIER

et al. 2010).
since the early treatment of sepsis with antibiotics and volume resuscitation (RIVERs et al.

2001) seem to be key elements of the therapy, it is essential to diagnose sepsis as soon as
sepsis occurs. Even if the used definition for sepsis – two or more sIRs-criteria in combination
with proven or suspected infection – is not perfect, it is internationally accepted. Using an in-
tensive training enabling the physicians to diagnose sepsis at the earliest possible time point
and to apply a bundle of therapy strategies resulted in a relevant survival benefit in spite of
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the above mentioned negative follow-up studies (BARoCHIA 2010, LEVy 2010). There are two
bundles which are relevant for the treatment of sepsis: the resuscitation and the management
bundle. The resuscitation bundle, which should be performed as soon as possible, but at least
within the first 6 hours, consists of

–    lactate measurement;
–    blood cultures retrieval before start of antibiotic treatment;
–    administration of broad-spectrum antibiotics within 1 hour;
–    in case of hypotension (MAP ≤ 65 mmHg) and/or Lactate > 4 mmol/L.

     – use fluid resuscitation if CVP < 8–12 mmHg;
– use Vasopressors if MAP remains < 65 mmHg;

     – use dobutamine if sCVo2 < 70 %.

At present, the management bundle, which should be achieved as soon as possible, but at least
within the first 24 hours, consists of

–    lung protective ventilation;
–    insulin therapy if blood glucose is > 180 mg/dl;
–    considering low dose hydrocortisone in catecholamine refractory septic shock;
–    renal replacement therapy, if needed.

Increasing the compliance with the use of these two bundles led to a reduction of the unad-
justed hospital mortality from 37 % to 30.8 % over 2 years. The adjusted odds ratio for mor-
tality improved the longer a site actively participated in this campaign, resulting in an adjusted
absolute mortality drop of 0.8 % per quarter and 5.4 % over 2 years (LEVy et al. 2010). It can
only be speculated which part of these bundles is the most effective single measure. since it
has been shown that each hour delaying the onset of effective antibiotic treatment is associated
with an increase in mortality of sepsis, the earliest possible diagnosis resulting in septic source
eradication in combination with an adequate hemodynamic treatment is a prerequisite of an
effective sepsis therapy.

4.   Conclusion

In conclusion, researchers, politicians, and clinicians have to develop commonly agreed strate-
gies to better explore and understand the pathophysiology of sepsis, to improve the transla-
tional research process from molecular biology to humans, to educate clinicians and to create
a better understanding for the significance and burden of sepsis in our society. These strategies
should be supported by additional specific funding lines for sepsis research.
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