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Abstract
Mortality is one of the most important quality markers in critical
care, and there have been many epidemiological studies trying to
identify risk factors to better understand the mechanisms leading
to death in this complex disease. One of the major problems is that
there are multiple factors contributing to fatal outcome of septic
patients, and it is difficult to distinguish between those that are
independent from the acute disease (comorbidities and ‘risk
factors’) and those that are directly involved in the patho-
mechanisms of sepsis, thus leading to the ‘sepsis-attributable’
mortality. In this short commentary, some examples of different
approaches of how to analyze data on mortality are presented.

Easy to detect, but difficult to interpret – a simple approach
to one of the most important quality markers in critical care
medicine: mortality. In a recent issue of Critical Care, this was
impressively demonstrated by Melamed and Sorvillo [1], who
analyzed a huge multiple-cause-of-death (MCOD) database
in the US with the aim of investigating factors affecting
mortality in septic patients. The investigators showed that
there are numerous disparities between patients, and these
have to be considered when mortality rates are interpreted.
Gender, age, and ethnicity are factors that have considerable
influence on the outcome of septic patients, and crude
mortality over time differs from age-adjusted values. More-
over, the authors conclude that the epidemiology of sepsis
should be studied individually in racial/ethnic minorities so as
to elucidate unique features in each group [1].

Although these results – on first view – may not be that
surprising since there are a couple of studies showing similar
results regarding the effect of confounding factors like
gender and age on the mortality of sepsis [2], the paper of
Melamed and Sorvillo [1] is another important contribution to
improving our understanding of why septic patients die and

how time-dependent the developments are [3]. However, is
this approach clear and well defined? In terms of methods of
how data were analyzed, definitely yes! Limitations due to the
structure of the database were thoroughly discussed by the
investigators, and conclusions were critically reviewed with
respect to existing literature. But there is another aspect that
should be pointed out by this short commentary: the way that
‘sepsis-related’ and/or ‘sepsis-associated’ mortality is
defined. Relation and association are not very precise
attributes; they simply consider that the death of a patient has
something to do with sepsis. There are two major approaches
of how these ‘crude’ data can be analyzed to give a clearer
picture of the complex mechanisms in severe sepsis and to
allow us to conclude what might be the reasons why septic
patients do not survive.

The ‘multiple-cause-of-death’ analysis is one of these ways,
and actually it is the method with which most epidemiological
studies in septic patients are designed. The aim is always to
assess, by different statistical methods such as multiple
logistic regressions or propensity scoring, the risk factors that
affect the outcome of septic patients. The other way is much
more difficult: it tries to describe how mortality of critically ill
patients is influenced by the fact that they are septic. These
forms of analyses are rarely found in the literature, although
terms like ‘sepsis-attributed’ or ‘sepsis-attributable’ or
‘excess’ mortality are often used. However, the attributable
mortality in general defines the mortality directly associated
with sepsis and apart from the mortality attributable to
underlying conditions. A simple example: to analyze whether
obesity per se is a risk factor for dying in an intensive care
unit (ICU), investigators would have to perform a matched
case control study that compared patients with similar
course, but without obesity. Using this method, Bercault and
colleagues [4] demonstrated that obesity is an independent
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risk factor for mortality in the ICU. Not only comorbidities, but
also events may be analyzed such as shown by Classen and
colleagues [5], who proved that adverse drug events are
associated with a significantly prolonged length of stay,
increased economic burden, and an almost twofold increased
risk of death. Two other examples: in women younger than
65, influenza was shown to increase mortality substantially
[6], and critically ill patients with liver cirrhosis suffering from
additional acute renal failure (ARF) have a mortality of 65%,
and those without ARF have a mortality 32% [7] (that is, the
‘excess mortality’ of ARF in this subgroup is roughly 33%).

In regard to infections, some studies demonstrate what is
generally expected: candidemia in hospitalized patients is
associated with excess mortality rates of 10.0% in children
and 14.5% in adults [8]. Other studies report a candidemia-
associated excess risk to die in hospital of 19% to 24% [9].
In the ICU, catheter-related infections have been analyzed
showing contradictory results, either with a significant excess
mortality (24.6%) from a study in Argentina [10] or with just a
trend after adjustment of other severity factors from a study in
France [11]. Some studies have surprising results: Blot and
colleagues [12] demonstrated that nosocomial Escherichia
coli bacteremia in critically ill patients had no excess mortality
after adjustment for disease severity! Overall, nosocomial
bloodstream infections seem to be associated with an
intrinsic excess mortality. In critically ill HIV patients,
Tumbarello and colleagues [13] assessed a crude mortality of
43%, with an infection-associated excess mortality of 27%. A
similar rate of bloodstream infection-associated excess
mortality (28%) was described by Smith and colleagues [14]
in non-HIV patients. Probably one of the largest investigations
was presented by Pittet and colleagues [15], who found a
crude mortality of 50% in critically ill patients with infections
versus 15% without infections (that is, the attributable
mortality was 35%).

How are the results for sepsis or severe sepsis defined as
inflammatory response plus infection (plus organ dysfunction
in severe sepsis)? Very simple: unknown! So far, there are no
existing data that enable us to attribute an ‘excess mortality’
to sepsis, probably due to the fact that not only the complex
disease but also the difficult definition of sepsis prevents us
from separating crude from excess mortality. We should keep
this in mind when we try to interpret results from epi-
demiological studies on sepsis. Hopefully, extended statis-
tical methods and the use of large registries similar to the
presented database [1] will help us to overcome this burden
in the future.
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