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KEYWORDS Abstract

New therapies; Background: Despite effortsto establish uniform protocols for the management of severe sepsis,
Sepsis; this condition continues to have high morbidity and mortality. Thisis due, among other factors,
Critically ill patient to the many barriersfor the development of the protocols and the application time. That iswhy

new therapeutic measures are continuing to be investigated and developed.

bjective: To review the literature on the new and future therapeutic alternatives available in
the management of sepsisin critically ill patients.

Dat a source and search method: A search was made for articles consistent with evidence-based
medicine guidelines published between 2004 and 2009 in different databases (Cochrane Plus
Library, National Guideline Clearinghouse, Clinical Evidence, REMI and PubMed) and the NIH
Clinical Trails database (ClinicalTrials.gov) using the TRIP meta-search engine.

Sudy selection: Atotal of 357 documents were retrieved, selecting 48 of which included
systematic reviews, meta-analyses, clinical practice guidelines, structured abstracts of original
articles, and clinical trials. The selection criteria followed the peer review process.

Data extraction: Data were extracted by two independent reviewers.

Conclusions: Based on the 2004-2009 study period, sufficient evidence was not obtained to
make further recommendations on the treatment of sepsis. Although the abundant evidence
needed to suggest the utility of these therapeutic measures, inhaled nitric oxide, statins, and
immunoglobulins are probably good options for the adjuvant treatment of sepsis. However, we
must wait for the results of different ongoing clinical trials on new treatment modalities. Sem
cells and gene therapy will probably emerge as novel therapiesin the future.
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PALABRAS CLAVE
Nuevas terapias;
Sepsis;

Paciente critico

Nuevas alternativas terapéuticas para la sepsis grave en el paciente critico. Revision

Resumen

Introduccidn: La sepsis grave sigue teniendo elevadas morbilidad y mortalidad, a pesar de los
esfuerzos realizados en la instauracién de protocolos uniformes de actuacién, debido, entre
otros muchos factores, a la existencia de multiples barreras para la implantacién, asi como su
tiempo de aplicacion. Es por ello que se sigue desarrollando e investigando sobre nuevas medi-
das terapéuticas.

Objetivo: Realizar una revision de la literatura sobre las nuevas y futuras alternativas terapéu-
ticas de que disponemos para el tratamiento de |la sepsis en los pacientes criticos.

Fuentes de datos y método de busqueda: S llevo a cabo una blsqueda limitada por tiempo
desde 2004 hasta 2009, a través del metabuscador Trip Database en las paginas de medicina
basada en la evidencia (Cochrane Plus, National Guideline Clearinghouse, Clinical Evidence,
REMI y PubMed) y base de datos de ensayos clinicos (Clinical Trials.gov).

Seleccidn de los estudios: Se obtuvieron de la busqueda 357 documentos, de los cuales se selec-
cionaron 48 que incluyen revisiones sistematicas, metaandlisis, guias de practica clinica, resd-
menes estructurados de un articulo original y ensayos clinicos. H método empleado para aplicar
estos criterios se hizo mediante una revision por pares.

Extraccion de datos: Un posterior andlisis por dos revisores independientes.

Conclusiones: En el periodo de estudio 2004-2009 no ha habido aportaciones con evidencia sufi-
ciente como para realizar nuevas recomendaciones en el tratamiento de la sepsis. Aunque no se
aporta la abundante evidencia que sefiale la utilidad de estas medidas terapéuticas, probable-
mente el 6xido nitrico inhalado, las estatinasy lasinmunoglobulinas sean buenas alternativas en
el tratamiento adyuvante de la sepsis. Tendremos que esperar, de todas maneras, los resultados
de los diferentes ensayos clinicos que se encuentran en marcha sobre las nuevas terapias. H

futuro posiblemente podria estar en las células madre y la genoterapia.
© 2010 Bsevier Espaia, SL. y SEMICYUC. Todos los derechos reservados.

Introduction

Sepsis remains an important problem in terms of incidence
and mortality, which reaches over 40%in cases of severe
sepsis or septic shock, despite the efforts made to introduce
uniform intervention protocols.

In the year 2002, the different scientific societies
(American Association of Critical-Care Nurses, American
College of Chest Physicians, American College of Emergency
Physicians, American Thoracic Society, Australian and New
Zealand Intensive Care Society, European Society of Clinical
Microbiology and Infectious Diseases, European Society of
Intensive Care Medicine, European Respiratory Society,
Infectious Disease Society of America, International Sepsis
Forum, Society of Critical Care Medicine, Surgical Infection
Society), being aware of this situation, launched a
campaign (posteriorly revised in 2004 and 2008"2) referred
to as the “Qurviving sepsis campaign”. The great advance
resulting from this campaign has been the application of a
series of measures in accordance to the time elapsed.
Thus, the resuscitation package of measures, corresponding
to the first 6 hours, includes the determination of lactate
and the administration of antimicrobials (following
extraction for blood cultures) in the first hour or 3 hours,
with adequate volume replacement, vasopressors, central
venous pressure (CVP) > 8 mmHg and SO, > 70% Likewise,
a package of measures is recommended in the first
24 hours, involving the administration of hydrocortisone
and activated protein C (APC), with median blood glucose
<150 mg and mechanical ventilation with a median plateau
pressure of <30 cmH,0.

In this same sense, the Spanish Society of Emergency Care
Medicine (Sociedad Espafiola de Medicina de Urgencias y
Emergencias, SEMES) and the Sanish Society of Intensive
and Critical Care Medicine and Coronary Units (Sociedad
Espariola de Medicina Intensiva, Critica y Unidades
Coronarias, SEMICYUC), being aware of the problem, jointly
drafted a consensus document with the purpose of
developing an intervention guide to facilitate the early
identification and management of septic patients.®

At present there is sufficient scientific evidence to affirm
that the early and guided application of a series of diagnostic
and therapeutic measures —including effective antibiotic
treatment, adequate goal-oriented hemodynamic
resuscitation, or the use of activated protein Cin the more
seriously ill patients —significantly improves survival.*® It is
also known that adherence to these measuresis poor in all
hospital settings.®

On the other hand, and since there is continued
development and research in relation to new therapeutic
measures, the present study was designed to offer areview
of the literature on the new and future therapeutic
alternativesthat will become available for the treatment of
severe sepsis in non-neutropenic adult critical patients.

Material and method

Search strategy

In October 2009 a review was made of the data sources,
using the following terms and keywords: new therapy AND
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Keywords:
new therapy
and sepsis and
critically ill,
N=357

TRIPDATABASE

browser

Clinical
Trials.gov

Cochrane
Metaanalyses reviews, GPC: NGC
DARE
Included N=3 Included N= 6 Included N_4
Excluded N=5 Excluded N=! 9 Echuded N= 0

AN

Structured Randomized
abstracts clinical Original
original article trials studies
REMI (RCT)
| | Included N=11
Included N=2 Included N=22 Excluded N=282
Excluded N=3 Excluded N=10

Included N=48

Excluded N=309

Figure 1

Flowchart: Search strategy. Exclusion criteria: therapies not contemplated in sepsis and irrelevant to the effects of our

study, articlesreferred to the neonatal or pediatric population, duplicated studies included in metaanalyses, developed reviews and
structured abstracts, retrospective cohort studies, clinical cases, laboratory studies and not well defined therapies. DARE: Center for
Reviews and Dissemination; CPG: clinical practice guide; NGC: National Guideline Clearinghouse.

sepsis AND critically ill, limited in time from 2004 to 2009,
published in English, and using the metabrowser Trip
Database in the medical pages based on evidence (Cochrane
Plus, National Guideline Clearinghouse, Clinical Evidence,
REMI, PubMed) and clinical trials database, ClinicalTrials.
gov. In the selection of the studies we recorded
357 documents, of which 48 were selected, including
systematic reviews, metaanalyses, clinical practice guides,
structured abstracts of original articles, and clinical trials.
We excluded articles involving therapies not contemplated
in sepsis and irrelevant to the effects of our study, articles
referred to the neonatal or pediatric population, duplicated
studies included in metaanalyses, developed reviews and
structured abstracts, retrospective cohort studies, clinical
cases, laboratory studies or not well defined therapies, as
shown in the flowchart (Fig. 1).

The method used to apply these criteria was peer review,
and data extraction was carried out with posterior analysis
by two independent reviewers.

Search results

Incidence-mortality, non-compliance
and economical implications of the implantation
of a sepsis protocol

The publication of Ifigo et al.” was the first population-
based study in Sain to describe the epidemiology of severe
sepsisin the Community of Madrid —estimating itsincidence,
mortality and impact upon stay and costs. The information

source was the minimum basic data set of the Community of
Madrid corresponding to the year 2001, and a total of
6968 episodes were identified. The authors concluded that
severe sepsisisa frequent condition with high mortality and
an important impact in terms of healthcare resource
consumption.

Posteriorly, Esteban et al.8 published the first analysisin
Spain of the population-based incidence and mortality of
sepsis. The study involved a prospective cohort design, and
confirmed the high incidence of the disorder (73-31 cases per
100,000 adults and year in reference to severe sepsis and
septic shock), with an in-hospital mortality rate of between
20.7-45.8% Many of these patients with severe sepsis and
septic shock were treated outside the Intensive Care Unit
(ICU), and only 12%of all stages were admitted to the ICU.

At the same time, studies were made to evaluate
compliance with the therapeutic measures and their
economical impact. In this context, the observational study
published by De Miguel et al.,® involving a single center, had
the primary objective of evaluating compliance with the
measured developed to optimize the treatment of severe
sepsis in our routine clinical practice —attempting also to
identify the variables significantly associated with patient
mortality. The authors concluded that the packages of
measures proposed in the “ Surviving sepsis campaign” do
not seem to have had sufficient impact in our Emergency
Departments, and that this may constitute a starting point
for planning a process designed to improve the prognosis of
patients with severe sepsisin our hospitals.

In the United States, Carlbon et al.'’ conducted a
telephone survey of the medical personnel and nursing
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supervisors of 100 hospital Emergency Departments. Only
7%o0f these Departments applied the goal-oriented early
resuscitation protocol in severe sepsis. In order to improve
the quality of resuscitation in severe sepsis, it is necessary
to identify the barriers that complicate adherence. The
mentioned survey identified the main problems: a lack of
nursing personnel, the impossibility of monitoring central
venous pressure, limitations in physical space, and
difficultiesin identifying patients with severe sepsis.

Shorr et al.'" examined the economical implications of the
introduction of a severe sepsis protocol in the context of a
non-randomized study with a limited number of patients
(n=120), involving a single center. Despite the limitations of
the study, it was shown that the application of a protocol
for the management of septic shock in the emergency room
not only reduces mortality but is also cost-effective and
allows the saving of resources.

What do we have since the “Surviving sepsis
campaign”?

The EDUSEPSIS study, carried out by Ferrer et al.,®
demonstrated improvement in the care and prognosis of
severe sepsis patients after an educational program in
Spain, based on the “Surviving sepsis campaign”. The
authors concluded that the improvement process based on
the best scientific evidence, and its transfer reflected in
recommendations and clinical guides, does not automatically
ensure improvement in the treatment of patients. Measures
must be introduced to guarantee that the clinical guidesare
actually put into practice. This requires the auditing of
compliance with the standards of care and the putting into
practice of educational, training and facilitation measures.
This ambitious study, put into practice throughout the
country, reflects the difficulties involved in applying the
clinical guides, and pointsto the need to maintain the
learning process over time.

Posteriorly, these same authors,'? in the context of the
same EDUSEPSIS project, analyzed the efficacy of the
treatmentsrecommended in the “ Qurviving sepsis campaign”,
based on the data of 2796 patients with severe sepsisin 77
ICUs, and registering compliance with four treatments —the
analysisbeing fundamented upon a multiple logistic regression
model and the propensity score. The study concluded that
only in severe sepsis, the treatments associated to lesser in-
hospital mortality were the early administration (in the first
hour) of a broad-spectrum antibiotic in all patients (OR
[95%Cl] =0.87[0.5-0.9]; p <0.008), and the administration of
activated drotrecogin alpha in multiorgan failure (OR[95%Cl]
=0.59[0.41-0.84]; p < 0.004).

Supportive treatment of severe sepsis([Table 1]
and [Table 2])

Hemodynamic aspects: vasoactive drugs

Vasoactive drugs are one of the key elementsin the
treatment of septic shock. The current treatment guidesin
cases of shock point to dopamine and noradrenalin as the
first choice agents, with no clear evidence of the superiority
of one drug over the other. No clinical trials have compared
the two substances, though most observational studies have
associated dopamine with increased mortality.

The randomized, prospective, double-blind multicenter
clinical trial published by Annan et al.’™ compared the
efficacy and safety of adrenalin with the combination of
noradrenalin and dobutamine. The choice of one regimen or
the other does not seem to require modificationsin the light
of the findings of this study. The use of adrenalin, on the
other hand, may prove much more complicated outside the
controlled context of aclinical trial.

Given its importance, and although it falls outside the
search limits of our review, mention should be made of the
recent study carried out by De Backer et al.'* Thisis a
multicenter trial involving 1679 patients with shock of any
origin (including septic shock), randomized to receive as
first choice drug either dopamine (at a dose of up to 20 pg/
kg/ min) or noradrenalin (at a dose of up to 0.19 pg/ kg/ min).
The patients that failed to respond to these doses received
noradrenalin, vasopressin or adrenalin. The primary efficacy
endpoint was mortality after 28 days. Although the study
found no differences in mortality between the patients
treated with dopamine and those administered adrenalin,
there was a nonsignificant tendency towardslesser mortality
with noradrenalin. Dopamine was associated with a greater
frequency of tachycardia and severe arrhythmias, and with
greater mortality in the subgroup of patients with
cardiogenic shock. Based on these data, noradrenalin should
be regarded as superior to dopamine, and therefore should
be defined asthe first choice drug in shock patients.

Aphase lll clinical trial is currently in course to compare
the efficacy of levosimendan versus dobutamine in patients
with septic shock —the primary objective being the
resolution of shock, and the secondary objective the changes
in cardiac function. This study is currently in the patient
recruitment phase.'®

Acute renal failure and extrarenal filtration

Septic shock is a frequent cause of multiorgan failure (MOF)
in the ICU. For thisreason extracorporeal techniquesfor the
management of renal failure have become generalized in
such Units, and at the same time new extracorporeal
filtration systems have been developed for the elimination
of inflammatory mediators.

Latour et al.'® have published an excellent critical review
of the optimum dialysisdose in acute renal failure, analyzing
the effectiveness of high doses in comparison with the
traditional doses in patients with acute kidney damage, in
termsof mortality and the recovery of renal function —based
on the Vicenza, ATN and DOREMI studies. The results of this
review point to the existence of firm evidence that high-
volume hemofiltration (HVHF) does not significantly reduce
mortality in renal failure patients. Indeed, there are even
indications that HVHF may be deleterious for patients with
sepsis and renal failure (DOREMI, adjusted OR (95%Cl) = 1.91
[0.71-5.13]). There ismoderate evidence that high doses do
not improve the recovery of renal function in patients with
acute renal failure (RR[95%Cl] = 0.96 [0.88-1.05]); as a
result, given the associated increase in work load and costs,
the recommendation of HVHF in these patients is not
justified. The recommendations on the use of high dosesin
patients with severe sepsis without renal failure, or the
possible usefulness of pulse HVHF in patients with
inflammatory response syndrome and hemodynamic
instability, were outside the scope if the mentioned review.
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Table 1 Update on new alternative therapiesin sepsis
Sudy Therapy
Jaime Latour-Pérez, 2009' Extrarenal filtration
Dinna N. Cruz, 2009" Polymyxin B
Donald E G. Griesdale, 2009%; Wiener RS, 2009* Insulin

ATS 2005, Ed 2008%%; Marti-Carvajal, 2008%
D. Annane, 2009%°

Gomez-Tello, 20082

Edwin Massey, 2009; Smith, 2006°%"%

Wang, 2009%*

Weil, 2009%

Wurfel, 2009

Coagulation: ATIII, IFT, APC
Corticosteroids
Immunoglobulins

Colony stimulating factor
HMGR1

Sem cells

Polymorphisms

New extracorporeal filtration techniques have recently
been developed for the elimination of inflammatory
mediators, such as hemoperfusion with polymyxin B and
plasmapheresis.

Hemoperfusion with polymyxin B

For years, the early utilization of hemoperfusion with
polymyxin Bin septic shock of abdominal origin forms part
of standard treatment for sepsis caused by gramnegative
bacilli in Japan. The mechanism involves the elimination of
endotoxins through adsorption, preventing progression of
the inflammatory cascade. In this sense, Cruz et al.'” have
recently published a randomized clinical trial to determine
the efficacy of hemoperfusion with polymyxin B—the clinical
endpoints being a lesser use of vasopressors, arterial oxygen
tension/ inspiratory oxygen fraction, SOFA (Sequential Organ
Failure Assessment) score, and mortality due to sepsis
caused by gramnegative bacilli. They included 64 patients
with severe sepsis and septic shock of abdominal origin
subjected to emergency management. The trial was stopped
by the ethics committee once the first 64 patients had been
recruited, due to the evidenced differences in mortality.
The SOFA score and survival rates were better in the
polymyxin B group. The results of this clinical trial are
scantly extrapolatable to other types of septic patients,
however, since these were highly selected patientsin which
elimination of the primary focus proved possible.

Plasmapheresis

Based on previous studies such as the work of Busund et
al.,"® where there appeared to be a tendency towards
diminished mortality, new techniques have been developed,
such as CPFA (coupled plasma filtration adsorption), which
uses a plasma-blood separation adsorbent, obtained with a
plasma filter. The COMPACT clinical trial, which iscurrently
in the patient recruitment phase, aims to determine
whether the combination of plasma, filtration and adsorption
is able to reduce mortality and prevent organ failure in
septic shock.

The treatment consists of the separation of plasma from
blood with adsorption of the inflammatory mediators and
cytokines from plasma, followed by a purification phase
using a hemofilter. It possibly may be more useful in selected
cases with thrombocytopenia, and caused by gramnegative
bacilli.

Metabolic aspects: nutrition in sepsis, insulin

In the metaanalysis published by Griesdale and Wierner2-2!
on the use of intensive insulin therapy and the reduction
of mortality in critical patients, which included the data
of the NICE-SUGAR, intensive insulin therapy was seen to
significantly increase the risk of hypoglycemia (OR
[95%CI] =5.99 [4.47-8.03]), and afforded no benefitsin
terms of global mortality among the critical patients (OR
[95%Cl] = 0.93 [0.83-1.04]). Such treatment may benefit
patients admitted to a surgical ICU (OR [95%Cl] = 0.63
[0.44-0.91]).

Hematological aspects: coagulation

Srategiesdesigned to restore the physiological anticoagulant
pathways, such asthe administration of antithrombin (ATIII)
and anti-tissue factor, have been developed in patientswith
severe sepsis/ septic shock in recent years.

Areview conducted by the American Thoracic Society on
anticoagulant treatment with antithrombin Ill and tifacogin
(anti-tissue factor) has concluded that both strategies
proved ineffective in reducing mortality in two large
placebo-controlled, phase Ill trials.?>2

Adjuvant treatment of severe sepsis

Activated protein C (APC)

The clinical practice guides recommend the administration
of activated protein C (APC), in adult patients with severe
sepsis and a high mortality risk, defined by any of the
following four criteria:

Acute dysfunction of two or more organs

APACHE:1I score > 24 pointsin the previous 24 hours
Septic shock

Acute respiratory distress syndrome (ARDS) secondary to
sepsis (pO,/ FiO, < 200 mmHg)

M=~

Activated protein Cis not indicated in either pediatric
patients or in high risk adult patients (APACHE-II score < 25
points and failure of a single organ). The most serious
adverse effect related to the administration of APC is
bleeding.

Marti-Carvajal et al.?® carried out a systematic Cochrane
review on recombinant human activated protein Cfor severe
sepsis, including the following four clinical trials:
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1. Abraham 2005: randomized, double-blind versus placebo
trial. Multicenter: 516 centers, international with
34 countries and 2640 patients.

2. Bernard 2001a: randomized, double-blind versus placebo
trial. Multicenter: 40 centers, international and
135 patients.

3. Bernard 2001b: randomized, double-blind versus placebo
trial. Multicenter: 164 centers, international with
11 countries and 1728 patients.

4. Nadel 2007: randomized, double-blind versus placebo
trial. Multicenter: 104 centers, international with
18 countries and 477 patients.

The review analyzed a total of 4911 patients (4434 adults
and 477 pediatric patients) in relation to mortality after
28 days. APC was not seen to reduce the mortality risk in
adultswith severe sepsis (grouped RR = 0.92; 95%confidence
interval, 0.72t0 1.18; p = 0.50, 12 =72%. The effectiveness
of APC did not seem to be associated to the severity of
sepsis (two studies): for an APACHE-1I score of < 25 points,
the RRwas 1.04 (95%Cl, 0.89t0 1.21; p =0.70), while in the
participating patients with an APACHE:-1l score of 25 points
or more, the RRwas 0.90 (95%Cl, 0.54 to 1.49; p = 0.68).
However, the use of APC was associated to an increased risk
of bleeding (RR=1.48 [95%Cl, 1.07 t0 2.06; p = 0.02, 12 =
8%. Two studies were prematurely interrupted because
there were few chances of reaching the expected efficacy
at the end of the study —no evidence being found to suggest
that APC should be used in the treatment of patients with
severe sepsis or septic shock. In addition, the use of APC
appears to be associated to an increased risk of bleeding.

Posteriorly, two phase Il clinical trials were started, and
are currently in the patient recruitment stage, with the
purpose of evaluating the efficacy and safety of APCin
adults with septic shock. The objective is to determine
whether treatment with this drug reduces mortality in
patients with septic shock, compared with placebo, in
patients administered a standard treatment.?

The APROCCHS clinical trial,?” designed to compare the
efficacy and safety of APC and low-dose corticosteroids,
investigate the interaction between them in the management
of septic shock, and assess reduction of mortality, is
presently in the patient recruitment phase, and no results
have yet become available.

Corticosteroidsin severe sepsis and septic shock

The clinical trials carried out in recent years with
hydrocortisone replacement doses in septic shock have
shown such treatment to improve the patient hemodynamic
condition and reduce mortality.

The results of the CORTICUS study,® a randomized,
double-blind and placebo-controlled multicenter clinical
trial in adult patients with septic shock for less than
72 hours, do not warrant the use of hydrocortisone in
patients with septic shock. In this study the patients, after
a standard ACTH test (250 pg), received 50 mgi.v. of
hydrocortisone or placebo every 6 hours during 5 days, with
gradual dose reduction over a further 6 days. The primary
outcome endpoint wasmortality after 28 daysin the patients
without response to the ACTH test. The results of this study
do not support the use of hydrocortisone in septic shock,
and do not demonstrate the usefulness of ACTH testing in

selecting patients who might benefit from this treatment.
However, the lesser mortality of the patients of the
CORTICUS study with respect to previous trials, and the
more favorable hemodynamic response of those treated
with hydrocortisone, indicate that the treatment may be
beneficial in patients with an increased mortality risk —such
as those with persistent hypotension despite the start of
treatment with vasoactive drugs, or those who require
progressively higher doses of such drugs.

In this context, the current international guides of the
“Surviving sepsis campaign” indicate that knowing
overinfection to be the main risk associated with
corticosteroid use, the following recommendations of use
can be made:

1. In adultswith septic shock only when hypotension failsto
respond to adequate fluid replacement and the
administration of vasopressors.

2. ACTHtesting is not recommended for selecting patients
with septic shock who should receive hydrocortisone.

3. Hydrocortisone is preferable to dexamethasone.

4. Rudrocortisone can be included (50 pg via the enteral route
once aday) if use ismade of an alternative to hydrocortisone
without mineralocorticoid activity. The use of
fludrocortisone is optional is hydrocortisone is used.

5. Corticosteroid treatment can be reduced when the

vasopressors are no longer needed.

The hydrocortisone dose should not exceed 300 mg/ day.

7. Corticosteroids should not be used to treat sepsisin the
absence of shock, unless the patient has endocrine
antecedents or a history of corticosteroid use advising
such treatment.

o

This new systematic review, carried out by Annane et al.,
and which includes the CORTICUS trial,?® comprising
22 studies (17 randomized clinical trialsin 2138 patients and
3 semi-experimental studiesin 246 patients), investigates
the effects of corticosteroids upon mortality after 28 daysin
patients with sepsis and septic shock (primary outcome
endpoint)(OR [95%Cl] = 0.87 [0.74-1.01]), as well asthe
effect of the dosage and duration of treatment upon
different results. With these data in hand, it is not advisable
to extend low-dose corticosteroid use to the full spectrum
of patients with sepsis; rather, such treatment should be
reserved for the more serious cases, in wait of the
publication of the clinical trialsthat are still in course.

Miscellaneous: nitric oxide, statins,
immunoglobulins and others

Nitric oxide

In a systematic review carried out by Centre for Reviews
and Dissemination (DARE), in patients with respiratory
distress syndrome secondary to sepsis with multiorgan
failure, inhalatory nitric oxide did not appear to improve
the resultsin this population; as a result, its utilization
should be reconsidered.

In this context, a phase Ill clinical trial currently in the
patient recruitment stage®' has been designed to determine
whether inhalatory nitric oxide is effective in application to
microcirculatory dysfunction and multiorgan failure (SOFA
score) in the management of the early stages of sepsis.
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Statins

There is growing debate about the possible role of the
statinsin the management of sepsis. Kopterideset al.,*?ina
critical review of 22 studies involving 177,260 patients (7
prospective cohorts, 12 retrospective cohorts, 2
retrospective studies and one randomized clinical trial),
concluded that most of the studies find the statinsto exert
a beneficial effect upon infection outcome. However, the
observational nature of the survey precluded the drawing of
firm conclusions.

Two phase Ill and IV clinical trials are currently underway
on the use of simvastatin in patients with septic shock —the
aim being to demonstrate the hypothesis that short-term
therapy with simvastatin can improve the deleterious
effects of acute vascular inflammation in patients with
septic shock. The primary objective is the reduction of
vasoactive drug use in cardiovascular support.3

Another study attempts to evaluate the efficacy and
safety of rosuvastatin 20 mg via the oral route or nasogastric
tube during 28 days, or until hospital discharge, in patients
with sepsisinduced by acute lung damage, and itsinfluence
upon the reduction of mortality. No information in relation
to the resultsis available.®

Immunoglobulins

Laupland et al.® conducted a systematic review and
metaanalysis of 14 randomized clinical trials involving 1987
patients, with the aim of determining whether adjuvant
therapy with intravenous polyclonal immunoglobulin reduces
mortality among adults with severe sepsis and septic shock.
Pentaglobin was the immunoglobulin most often employed
in the studies. This metaanalysis shows a global reduction in
mortality with the use of intravenousimmunoglobulin in the
adjuvant treatment of severe sepsis and septic shock in
adults, RR=0.66 (0.53-0.83), though there is significant
heterogeneity among the trialsincluded, and thisresult was
moreover not confirmed when the analysis was made in
reference to the high quality studies.

Gbdmez® conducted a critical review of the use of
immunoglobulins in septic patients, and on the basis of the
evidence obtained proposed the use of immunoglobulin
enriched with IgM/ IgA as adjuvant therapy. It must be
mentioned that the studies with a greater provision of Ig\W
IgA and involving high doses were found to be more effective
in reducing mortality. This would constitute grade C
recommendation (based on several small randomized
clinical trials with uncertain results), or grade 2C
recommendation according to the GRADE scale.

Others: colony stimulating factor, HMGb1,
antioxidants, stem cells and polymorphisms

Colony stimulating factor

The identified controlled trials raise the possibility that
prophylactic granulocyte transfusions at a dose of at least
1 x 10" could reduce the risk of mortality due to infection.
The results of these trials reveal no reduction in global
mortality. However, most of the studies were made decades
ago, and the standard in supportive care have advanced
considerably since then. It is difficult to recommend
prophylactic granulocyte transfusions outside the context of
the controlled trials currently in course, given the

implications in terms of resources and costs. Larger studies
are needed to establish the validity of the potential benefits
suggested by this review, in view of the methodological
limitations, the small sample sizes, and the heterogeneous
definitions of infection found in the included studies.®"%®

Antihydroxymethylglutaryl b1 antibodies (HMGp1)

HMGB1 are neutralizing antibodies that inhibit the
inflammatory cascade. The review published by Wang et
al.® discusses the potential therapeutic effect of a series of
HMGB1 inhibitors (neutralizing antibodies targeted to
endotoxins) in experimental sepsis, though with scant
possibilities for extrapolation to the clinical setting.

Antioxidants

Selenium. During sepsis and multiorgan failure, the serum
concentrations of selenium —a glutathione peroxidase
cofactor —are seen to decrease. A phase Il clinical trial
(SISPCT) has been planned with the aim of determining
whether the intravenous administration of selenium is able
to reduce mortality in patients with severe sepsis or septic
shock. In addition, it is being examined whether the
measurement of procalcitonin (PCT) can be used to guide
the therapeutic measures. 44

Ecosapent aenoic acid (ERA) and gammalinolenic acid (GLA).
No data are yet available on a phase IV clinical trial that has
just been completed, and which was started in June 2007
with the purpose of determining the possible role of an
enteral formula enriched with EPA, GLA and antioxidants,
versus a standard isocaloric diet. The authors have analyzed
the impact of this diet upon the control of blood glucose
and its capacity to prevent the progression of sepsistowards
more serious conditions such as severe sepsis and septic
shock.

Sem cells and polymorphisms. The experimental evidence
indicates that stem cells are immunologically sensitive cells
in sites of inflammation and tissue damage. These cells
secrete growth factors in response to lipopolysaccharides
and tumor necrosis factor, which may limit apoptosis and
organ damage, and might represent an endogenous
therapeutic strategy.“® Likewise, variations in the common
sequence of genes encoding for the innate immune response,
inflammatory mediators and coagulation modulators have
drawn special attention. The important information on the
physiopathology of sepsis, provided by these studies, will be
analyzed together with the relevance of such findings in
relation to the design of future diagnostic and therapeutic
strategies.*

Clinical trialsin course: anti-TF, lactoferrin,
vasoactive intestinal peptide, TAK-242 (Table 2)

Anti-tissue factor

Tissue factor (TF) dependent upon the activity of
procoagulating activity and the associated inflammatory
processes may play a role in the severity and progression of
acute lung injury, ALI/ ARDS. Recent studies have shown the
levels of TF to be increased in plasma and lung edema fluid
in ALI/ ARDS. This in turn was correlated to increased
mortality, more days of ventilation, the presence of
disseminated intravascular coagulation and sepsisin patients
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with ALI/ ARDS Therefore, antibodies that block TF activity
may constitute an effective mechanism for the treatment of
inflammatory disorders such as ALI and ARDS

Inthisline there isa phase Il clinical trial presently in the
patient recruitment period, designed to evaluate the use of
anti-tissue factor (anti-TF) antibodies (ALT-836) for the
treatment of septic patientswith acute lunginjury or acute
respiratory distress syndrome, assessing the safety and
efficacy of a recombinant anti-TF antibody versus placebo
in patients with sepsis and ALI/ ARDS %

Lactoferrin

Lactoferrin isa glycoprotein and a potent antioxidant which
moreover possesses immune stimulating, antiviral and
antimicrobial properties. It belongs to the cytokine family
modulating the coordination of cellular immune response to
infections. In this sense, there is a phase Il clinical trial in
course that aimsto evaluate the safety and potential benefit
of recombinant human lactoferrin (talactoferrin-alpha),
15 ml of a 100 mg/ ml (1.5 g) oral solution administered three
times a day for a maximum of 28 days or until discharge
from the ICU, versus placebo, in patients with severe sepsis
—the primary objective being the reduction of mortality.*

Vasoactive intestinal peptide (VIP)

Vasoactive intestinal peptide is a 28-amino acid polypeptidic
hormone with vasodilator activity and effects upon the
peripheral nervous system. As an example, VIP relaxesthe
lungs, trachea and gastric muscle. It inhibits the secretion
of gastric enzymes and stimulatesthe secretion of glucagon,
insulin and somatostatin - increasing adenyl cyclase and
bile secretion in the liver.

A phase | study is presently being carried out on the
intravenous dosing of VIP administered over 6 or 12 hours, in
patients with respiratory distress syndrome and sepsis, with
the purpose of evaluating the safety and pharmacodynamic
activity of this peptide in patients of thiskind.*

TAK-242

Aphase Il clinical trial has been designed with the purpose
of establishing the optimum dose of TAK-242 (a cytokine
suppressor), administering 1.2 mg/ kg as a subcutaneous
injection over 30 min., and then TAK-242 at a dose of
0.05 mg/ kg/ hours (1.2 mg/ kg/ day) in the form of a
subcutaneous injection during 96 hours versus placebo, with
evaluation of the reduction in mortality among patients
with sepsis.*®

Conclusions

The multiple studies made on the introduction of a sepsis
intervention protocol offer clinical and economical benefits.
It is necessary to analyze the local organizational barriers
that prevent each hospital from applying such protocols.
The two measures found to be most effective in these
protocols, following the corresponding multivariate
analyses, in terms of a reduction in patient mortality, are
the early use of empirical broad-spectrum antibiotic
treatment in all patients and the use of activated protein C
in the more seriously ill subjects. However, these findings
are based only on the data from a sub-analysis of an

observational study, with no other supporting evidence -
the recommendations being fundamented on studies
predating the reviewed period. The studies conducted
during the reviewed period have not been able to confirm
the efficacy of activated protein C.

In the reviewed period (2004-2009) there have been no
contributions with sufficient evidence to allow new or
further recommendations. Although lacking the abundant
body of evidence obtained for other therapeutic measures,
inhalatory nitric oxide, the statins and immunoglobulins are
probably good alternatives in the adjuvant treatment of
sepsis.

We will have to wait for the results of the different clinical
trials on the new therapies in sepsis, which are presently in
course. The future possibly may lie in stem cells and gene
therapy.

Conflict of interest

The authors declare no conflict of interest.

References

1. Dellinger RR, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen
J, et al. Surviving Sepsis Campaign. Guidelines for management
of severe sepsis and septic shock. Crit Care Med. 2004;32:
858-73.

2. Dellinger RR Levy MV, Carlet JM, Bion J, Parker MM, Jaeschke
R et al. International guidelines for management of severe
sepsis and septic shock. Crit Care Med. 2008;36:1394-6.

3. Ledn C, Garcia-Castrillo L, Moya M, Artigas A, Borges M, Candel
FJ, et al. Documento de consenso (Semes-Semicyuc).
Recomendaciones del manejo diagnéstico-terapéutico inicial y
multidisciplinario de la sepsis grave en los servicios de urgencias
hospitalarios. Med Intensiva. 2007;31:375-87.

4. Kumar A, Daniel R, Kenneth W, Bruce L, Parrillo JE, Satendra S
et al. Duration of hypotension before initiation of effective
antimicrobial therapy isthe critical determinant of survival in
human septic shock. Crit Care Med. 2006;34:1589-96.

5. Rivers E, Nguyen B, Havstad S Ressler J, Muzzin A, Knoblich B,
et al. Early goal-directed therapy in the treatment of severe
sepsis and septic shock. N Engl J Med. 2001;345:1368-77.

6. Ferrer R ArtigasA, Levy MM, Blanco J, Gonzélez G, Garnacho-
Montero J, et al. Improvement in Process of Care and Qutcome
after a Multicenter Severe Sepsis Educational Program in Spain.
JAMA. 2008;299:2294-303.

7. Ihigo J, Sendra JM, Diaz R, Bouza C, Sarria- Santamera A.
Epidemiologia y costes de |a sepsis grave en Madrid. Estudio de
altas hospitalarias. Med Intensiva. 2006;30:197-203.

8. Esteban A, Frutos-Vivar F, Ferguson ND, Pefiuelas O, Lorente JA,
Gordo F, et al. Sepsisincidence and outcome: Contrasting the
intensive care unit with the hospital ward. Crit Care Med.
2007;35:1284-9.

9. De Miguel-Yanes JM, Andueza-Lillo JA, Gonzalez-Ramallo VJ,
Pastor L, Mufioz J. Failure tu implement evidence-based clinical
guidelines for sepsis at the ED. Am J Emerg Med. 2006;24:553-9.

10. Carlbom DJ, Rubenfeld GD. Barriersto implementing protocol-
based sepsis resuscitation in the emergency department.
Results of a national survey. Crit Care Med. 2007;35:2525-32.

11. Shorr AF, Micek ST, Jackson WL, Kollef MH. Economic
implications of an evidence-based sepsis protocol: Can we
improve outcomes and lower costs? Crit Care Med. 2007;35:
1257-62.



New therapeutic alternatives for severe sepsisin the critical patient. Areview

245

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ferrer R, Artigas A, Quarez D, Palencia E, Levy MM, Arenzana A,
et al. Effectiveness of treatments for severe sepsis: a
prospective multicenter observational study. Am J Respir Crit
Care Med. 2009;180:861-6.

Annane D, Vignon P Renault A, Bollard PE, Charpentier C,
Martin C, et al, CATS Sudy Group. Norepinephrine plus
dobutamine versus epinephrine alone for management of septic
shock: a randomised trial. Lancet. 2007;370:676-84.

De Backer D, Biston B Devriendt J, Madl C, Chochrad D, Aldecoa
C, et al. Comparison of dopamine and norepinephrine in the
treatment of shock. N Engl J Med. 2010;362:779-89.

McLean AS Levosimendan versus dobutamine in shock patients.
ClinicalTrials.gov Identifier: NCT00093301.

Latour-Pérez J, Garcia MA. Dosis 6ptima de dialisis en pacientes
con dafno renal agudo. Una revision critica de la literatura.
Revista Bectroénica de Medicina Intensiva. Articulo especial n.®°
104. REMI 2009;9(6):A104. Available from: http://remi.uninet.
edu/ 2009/ 06/ REMIA104.html.

Cruz DN, Antonelli M, Fumagalli R, Foltran F, Brienza N, Donati
A, et al. Early use of polymyxin B hemoperfusionin abdominal
septic shock. The EUPHAS Randomized Controlled Trial. JAMA.
2009;301:2445-52.

Busund R Koukline V, Utrobin U, Nedashkovsky E Plasmapheresis
in severe sepsis and septic shock: a prospective, randomised,
controlled trial. Intensive Care Med. 2002;28:1434-9.

Livigni S COMPACT - Combining Plasma-filtration and Adsorption
Clinical Trial. CinicalTrials.gov Identifier: NCT00332371.
Griesdale D, De Souza RJ, Van Dam RM, Heyland DK, Cook DJ,
Malhotra A, et al. Intensive insulin therapy and mortality among
critically ill patients: a meta-analysis including NICE-SUGAR
study data. CMAJ. 2009;180:821-7.

Wiener RS, Wiener DC, Larson RJ. Benefits and risks of tight
glucose control in critically ill adults a meta-analysis. JAMA.
2008;300:933-44.

Anticoagulant therapy in severe sepsis. American Thoracic
Society CAT;2005.

Eid A, Wiedermann CJ, Kinasewitz GT. Early administration of
high-dose antithrombin in severe sepsis: single center results
from the KyberSept-Trial. Anesth Analg. 2008;107:1633-8.
Abraham A, Reinhart K, Opal S Demeyer |, Doig C, Lépez A, et
al. Efficacy and Safety of Tifacogin (Recombinant Tissue Factor
Pathway Inhibitor) in Severe Sepsis: A Randomized Controlled
Trial. JAMA. 2003;290:238-47.

Marti-Carvajal AJ, Salanti G, Cardona AF-Zorrilla. Proteina C
activada recombinante para la sepsis grave en humanos
Cochrane Database of Systematic Reviews 2008, Issue 1. Art.
No.: CD004388. DOI: 10.1002/ 14651858.CD004388.

Efficacy and Safety of Drotrecogin Alfa (Activated) in Adult
Patients With Septic Shock. ClinicalTrials.gov Identifier:
NCT00604214.

Misset B, Martin C, Cariou A, Carlet J, Brun Buisson C, Annane
D. Activated Protein C and Corticosteroids for Human Septic
Shock (APROCCHS). ClinicalTrials.gov: NCT00625209.

Sprung CL, Annane D, Keh D, Moreno R, Snger M, Freivogel K,
et al. Hydrocortisone therapy for patients with septic shock. N
Engl J Med. 2008;358:111-24.

Annane D, Bellissant E, Bollaert PE, Briegel J, Confalonieri M,
De Gaudio R, et al. Corticosteroids in the treatment of severe

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

sepsis and septic shock in adults. A systematic review. JAMA.
2009;301:2362-75.

The use of nitric oxide in acute respiratory distress syndrome.
Accession number: 32007000487.  Centre for Reviews and
Diseminacion. DARE 07.

Trzeciak S Randomized Trial of Inhaled Nitric Oxide to Augment
Tissue Perfusion in Sepsis. ClinicalTrials.gov: NCT00608322.
Kopterides P, Falagas ME. Satins for sepsis: a critical and
updated review. Clin Microbiol Infect. 2009;15:325-34.

Schenk P Smvastatin in Patients With Septic Shock.
Clinical Trials.gov: NCT00450840.

Truwit J. Satinsfor Acutely Injured Lungs From Sepsis (SAILS).
ClinicalTrials.gov: NCT00979121.

Laupland KB, Kirkpatrick AW, Delaney A. Polyclonal intravenous
immunoglobulin for the treatment of severe sepsis and septic
shock in critically ill adults: A systematic Review and meta-
analysis. Crit Care Med. 2007;35:2686-92.

Gomez-Tello V. Inmunoglobulinas en el tratamiento de la sepsis.
REMI. 2008;8:1186.

Massey E, Paulus U, Doree C, Sanworth S Transfusiones de
granulocitos para la prevencion de infecciones en pacientes con
neutropenia o disfuncién de los neutréfilos. La Biblioteca
Cochrane Plus 2009, Nimero 3.

Smith TJ, Khatcheressian J, Lyman GH, Ozer H, Armitage JO,
Balducci L, et al. Update of recommendations for the use of
white blood cell growth factors: an evidence-based clinical
practice guideline. National Guideline Clearinghouse.

Wang H, Ward MF, Andrew E, Sama E. Novel HMGB1-inhibiting
therapeutic agents for experimental sepsis. Shock. 2009;32:
348-57.

Angstwurm M, Engelmann L, Zimmerman T, Lehmann C, Spes
CH, Abel P et al. Selenium in Intensive Care (SC): Results of a
prospective randomized, placebo-controlled, multiple-center
study in patients with severe systemic inflammatory response
syndrome, sepsis, and septic shock. Crit Care Med. 2007;35:
118-26.

Schiller E Placebo Controlled Trial of Sodium Selenite and
Procalcitonin Guided Antimicrobial Therapy in Severe Sepsis
(SSPCT). CinicalTrials.gov: NCT00832039.

Pontes-Arruda A. The Effects of Eicosapentaenoic Acid (EPA),
Gamma-Linolenic Acid (GLA) and Antioxidantsin the Treatment.
Clinical Trials.gov: NCT00329680.

Weil BR, Markel TA, Herrmann JL, Abarbanell AM, Kelly ML,
Meldrum DR Sem cellsin sepsis. Ann Surg. 2009;250:19-27.
Wirfel MM. Genetic insightsinto sepsis: what have we learned
and how will it help? Curr Pharm Des. 2008;14:1900-11.

Wong HC. Anti-TF Antibody (ALT-836) to Treat Septic Patients
With Acute Lung Injury or Acute Respiratory Distress Syndrome.
Clinical Trials.gov: NCT00879606.

Guntupalli KK. Safety and Efficacy Sudy of Recombinant Human
Lactoferrin to Treat Severe Sepsis. ClinicalTrials.gov:
NCT00630656.

Said S Phase | Sudy of Vasoactive Intestinal Peptide in Patients
With Acute Respiratory Distress Syndrome and Sepsis.
Clinical Trials.gov: NCT00004494.

Takeda Global Research & Development. Efficacy & Safety of
Resatorvid in Adults With Severe Sepsis. ClinicalTrials.gov:
NCT00143611.



