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“Death is often attributed to the comorbidities rather than to
sepsis itself, resulting in nearly half of the deaths remaining
unattributed to sepsis.”

Severe sepsis is a complex syndrome and
often life-threatening condition caused by
the body’s systemic response to an infec-
tion, and is accompanied by single or mul-
tiple organ dysfunction or failure, leading
to death 1.

Sepsis often develops in children with
pneumonia, trauma, surgery, burns or can-
cer, and is frequently underdiagnosed at an
early stage when it is still potentially revers-
ible. Sepsis and infection may be present
at the same time and, indeed, infection is
a prerequisite for sepsis, but the two are
not synonymous — infection is the inva-
sion of a tissue or organ by a pathogenic
microorganism, while sepsis is the com-
plex, systemic inflammatory response to
infection [2].

In children, as in adults, the response to
infection leads to the secretion of pro- and
anti-inflammatory cytokines, the activa-
tion and mobilization of leukocytes, the
activation of coagulation and inhibition
of fibrinolysis, and increased apoptosis [3].
As a result of coagulation activation, the
thrombin generated promotes fibrin deposi-
tion in the microvasculature and exacerbates
ongoing inflammation via both direct and
indirect mechanisms.

These innate inflammatory processes can
be detrimental, resulting in cardiac dys-
function, vasodilatation, capillary injury,
and micro- and macro-vascular thrombo-
ses. Despite antibiotics and intensive care,
these processes frequently lead to organ dys-
function, gangrenous extremities, long-term
neurologic morbidity or death [45].

Activated protein C is a critical, endog-
enous regulator of coagulation and
inflammation. After activation of plasma

protein C by the thrombin—thrombomodu-
lin complex, activated protein C exertsanti-
thrombotic and profibrinolytic effects [6).
The anti-inflammatory effects of activated
protein C are, on the one hand, indirect
because of the inhibition of thrombin for-
mation and, on the other, direct via the
blockage of cytokine formation, and inhibi-
tion of selectin activity and nuclear factor-3
translocation [7].
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The incidence of severe sepsis in the USA
is approximately three cases per 1000 of
the population (8], with over 18 million
cases worldwide each year. The number
of deaths is difficult to estimate, as sepsis
is a progressive syndrome, beginning with
infection and leading to inflammation,
organ failure and death. Death is often
attributed to the comorbidities rather than
to sepsis itself, resulting in nearly half of the
deaths remaining unattributed to sepsis.

Sepsis can be difficult to treat as the
course of sepsis varies widely from patient
to patient as a result of a variety of circum-
stances. Older people, oncologic and debili-
tated patients, surgical and trauma patients,
infants and children are more susceptible to
infections due to age, comorbidities, the use
of invasive surgical techniques and problems
associated with hospital admission.

Mortality rates and recovery can be
improved by early accurate diagnosis
and treatment of sepsis patients. Delay in
antibiotic therapy, for example, increases
mortality by 10-15% [9,10].
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The rapid diagnosis and management of sepsis is essential for
successful treatment. The sepsis patient is usually already criti-
cally ill and requires immediate care to avoid rapid deterioration.
The management of sepsis patients involves a variety of thera-
peutic interventions [11,12]. Currently available strategies for the
management of a child with sepsis include:

¢ Identification and diagnosis: patient identification, diagnosis and
rapid identification of causative organisms or pathologic condi-
tion (e.g., recent trauma, surgical invasive procedure, and so on)
are essential elements for the proper management of sepsis [13];

* Appropriate antimicrobial therapy: timely administration of
antibacterial therapy is crucial for the management of children
with sepsis [14];

e Hemodynamic support: hemodynamic therapy, in the form of
rapid fluid resuscitation, should be commenced to reverse hypo-
tension, hypovolemia and organ dysfunction, and to restore
effective tissue perfusion and cellular metabolism as soon as
possible [15,16];

e Iffluid resuscitation fails to restore adequate arterial pressure and
organ perfusion, vasopressors, and potentially inotropes, should
be administered. Care must be taken when starting patients on
vasopressor or inotropic therapy, since studies have indicated that
their administration causes detrimental effects, including
impaired splanchnic blood flow and oxygenation, reduced pH,
and negative effects on growth and thyroid hormones [17-19];

* Ventilation support: an estimated 25-42% of adult sepsis
patients develop acute respiratory distress syndrome (ARDS),
which requires mechanical ventilation (MV) [20]. Pediatric con-
siderations included a more likely need for intubation and MV
due to low functional residual capacity. Despite developments
of newer ventilation supports over the last decade, the mortal-
ity rate associated with ARDS that needs artificial ventilation
may exceed 40%;

* Protective lung strategy: older approaches to MV employed
high tidal volumes (10-15 ml/kg ideal body weight [IBW]),
which have been associated with stretch-induced lung injury
and high mortality rates. The use of low tidal volumes
(6 ml/kg/IBW) has been shown to reduce the risk of mortality
in ARDS patients by 22% and increase the number of ventilator-
free days in the first 28 days compared with conventional treat-
ment [21]. Protective lung ventilation strategy must be planned
in order to reduce ventilation-induced lung injury and improve
survival [22].

¢ Glycemia control: hyperglycemia associated with insulin resist-
ance is common in critically ill children and may lead to severe
infections, polyneuropathy, multiple organ failure and death.
In recent studies, intensive insulin therapy reduced in-hospital
mortality, incidence of acute renal failure, episodes of septi-
cemia, incidence of bloodstream infections, abnormal levels of
inflammatory markers, prolonged use of antibiotics, median

number of red cell transfusions required, risk of polyneuro-
pathy, length of stay in the intensive care unit, and requirements
for prolonged MV [23,24];

* Supportive therapies: goal-directed hemodynamic support
combined with targeted pharmacological and immunological
therapies and use of low-dose steroids [25] are critical elements
for the proper management of sepsis. Proper nutrition accom-
panied by effective supportive therapies (prophylaxis against
stress ulcers, administration of anticoagulants and dialysis)
must be provided. The child must be treated by highly qualified

physicians and nursing staff.

Use of drotrecogin alfa (activated)

In children, as in adults, acquired deficiencies in protein C are
found in most patients with severe sepsis and are associated
with an increased risk of mortality. Moreover, the diminished or
even absent expression of endothelial thrombomodulin imposes
an additional severe restriction on activated protein C genera-
tion. Altogether, both thelevels and activation of protein C are
diminished considerably during severe sepsis.

Pediatric patients with severe sepsis manifest sepsis-induced
coagulopathy, including protein C deficiency comparable to that
seen in adults with severe sepsis, and drotrecogin alfa (activated)
could improve survival, as demonstrated in adults with severe
sepsis [26].

“In children, as in adults, acquired deficiencies in
protein C are found in most patients with severe
sepsis and are associated with an increased risk
of mortality.”

Drotrecogin alfa (activated) is a natural anticoagulant, also
known as activated protein C, which is manufactured as a
recombinant human protein. Drotrecogin alfa (activated) is an
antithrombotic and profibinolytic agent that also possesses anti-
inflammatory and antiapoptotic properties. Drotrecogin alfa
(activated) produced dose-dependent reductions in the levels
of markers of coagulation and inflammation in patients with
severe sepsis.

The pharmacokinetics, pharmacodynamic effects and safety
profile of drotrecogin alfa (activated) in pediatric patients are
similar to those in adult patients [27].

Nadel ez al. did not record any efficacy of drotrecogin alfa
(activated) in children with severe sepsis; serious bleeding events
were similar between treated and control groups and the overall
safety profile was acceptable, except in children younger than
60 days [26).

In another study, subgroups at higher risk of death were
identified and the change in protein C level from baseline was
predictive of survival [28]. The most significant complication
observed when using drotrecogin alfa (activated) in children
with severe sepsis was bleeding. Risk factors for serious bleed-
ing appeared to be multiple organ failure, thrombocytopenia
and coagulopathy.
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Bleeding is a more common complication in drotrecogin alfa
(activated)-treated patients than in placebo recipients, and many
of the episodes of bleeding are procedure related. De Backer dem-
onstrated that bleeding did not outweigh the benefits of drotrec-
ogin alfa (activated), as there was an overall survival benefit, pro-
vided only patients at high risk of death from sepsis were treated
with drotrecogin alfa (activated) [29].

At present, drotrecogin alfa (activated) in children with
severe sepsis does not result, as in adults, in a difference in
the resolution of vasopressor-dependent hypotension versus
placebo, and most patients continued to require vasopressor
support after 72 additional hours of treatment. Treatment did
not reduce 28-day all-cause mortality and in-hospital mortality
or improve organ function compared with placebo, although
there was a lower percentage change in D-dimers, and increases
in protein C levels were numerically greater on extended infu-
sion. The risk of severe bleeding imposes an accurate selection
of patients to treat and the reduction, before and after treat-
ment, of invasive methodologies that could increase this severe
complication [30-32].

The future

Despite the projected increase in the treatment of sepsis in chil-
dren in the future, there are specific opportunities to improve the
management of the condition. Improvements can be made by
identifying patients earlier through the use of globally accepted
definitions, treating with the most appropriate medication and
adopting agreed standards of care — all these initiatives will assist
in reducing mortality. To identify patients with severe sepsis,
clinicians should use less-invasive measures of hemodynamics
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