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Abstract 

Background: Despite efforts to establish uniform protocols for the management  of severe sepsis, 

this condit ion cont inues to have high morbidity and mortality. This is due, among other factors, 

to the many barriers for the development  of the protocols and the applicat ion t ime. That  is why 

new therapeut ic measures are cont inuing to be invest igated and developed.

Obj ect ive:  To review the literature on the new and future therapeut ic alternat ives available in 

the management  of sepsis in crit ically ill pat ients.

Data source and search method:  A search was made for art icles consistent  with evidence-based 

medicine guidelines published between 2004 and 2009 in dif ferent  databases (Cochrane Plus 

Library,  Nat ional Guideline Clearinghouse, Clinical Evidence, REMI and PubMed) and the NIH 

Clinical Trails database (ClinicalTrials.gov) using the TRIP meta-search engine.

St udy select ion:  A t ot al  of  357 document s were ret rieved,  select ing 48 of  which included 

systemat ic reviews, meta-analyses, clinical pract ice guidelines, st ructured abst racts of original 

art icles, and clinical t rials. The select ion criteria followed the peer review process.

Data ext ract ion:  Data were ext racted by two independent  reviewers.

Conclusions:  Based on t he 2004-2009 study period,  sufficient  evidence was not  obtained t o 

make further recommendat ions on the t reatment  of  sepsis.  Although the abundant  evidence 

needed to suggest  the ut il it y of these therapeut ic measures, inhaled nit ric oxide, stat ins, and 

immunoglobulins are probably good opt ions for the adj uvant  t reatment  of sepsis. However, we 

must  wait  for the results of dif ferent  ongoing clinical t rials on new t reatment  modalit ies. Stem 

cells and gene therapy will probably emerge as novel therapies in the future.

© 2010 Elsevier España, S.L. and SEMICYUC. All rights reserved.
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Introduction

Sepsis remains an important  problem in terms of incidence 
and mortal it y,  which reaches over 40% in cases of  severe 
sepsis or sept ic shock, despite the efforts made to int roduce 
uniform intervent ion protocols. 

In t he year  2002,  t he di f f erent  scient i f i c societ ies 
(American Associat ion of  Crit ical-Care Nurses,  American 
College of Chest  Physicians, American College of Emergency 
Physicians, American Thoracic Society,  Aust ralian and New 
Zealand Intensive Care Society, European Society of Clinical 
Microbiology and Infect ious Diseases, European Society of 
Int ensive Care Medicine,  European Respirat ory Societ y, 
Infect ious Disease Society of  America, Internat ional Sepsis 
Forum, Society of Crit ical Care Medicine, Surgical Infect ion 
Societ y) ,  being aware of  t hi s si t uat i on,  l aunched a 
campaign (posteriorly revised in 2004 and 20081,2) referred 
to as the “ Surviving sepsis campaign” .  The great  advance 
result ing from this campaign has been the applicat ion of  a 
ser ies of  measures in accordance t o t he t ime elapsed. 
Thus, the resuscitat ion package of measures, corresponding 
to the f irst  6 hours,  includes the determinat ion of  lactate 
and t he admini st rat i on of  ant imicrobial s ( f ol l owing 
ext ract ion for blood cultures) in t he f irst  hour or 3 hours, 
with adequate volume replacement ,  vasopressors, cent ral 
venous pressure (CVP) > 8 mmHg and SvO2 > 70%. Likewise, 
a package of  measures i s recommended i n t he f i r st   
24 hours,  involving t he administ rat ion of  hydrocort isone 
and act ivated protein C (APC), with median blood glucose 
< 150 mg and mechanical vent ilat ion with a median plateau 
pressure of  < 30 cmH2O.

In this same sense, the Spanish Society of Emergency Care 
Medicine (Sociedad Española de Medicina de Urgencias y 

Emergencias,  SEMES) and the Spanish Societ y of  Intensive 
and Crit ical  Care Medicine and Coronary Unit s (Sociedad 

Español a de Medi ci na Int ensi va,  Cr í t i ca y Uni dades 

Coronarias,  SEMICYUC), being aware of the problem, j oint ly 
draf t ed a consensus document  wi t h t he purpose of 
developing an int ervent ion guide t o faci l i t at e t he early 
ident if icat ion and management  of sept ic pat ients. 3

At  present  there is suff icient  scient if ic evidence to aff irm 
that  the early and guided applicat ion of a series of diagnost ic 
and therapeut ic measures – including ef fect ive ant ibiot ic 
t r eat ment ,  adequat e goal -or i ent ed hemodynami c 
resuscitat ion, or the use of act ivated protein C in the more 
seriously ill pat ients – signif icant ly improves survival.4,5 It  is 
also known that  adherence to these measures is poor in all 
hospital set t ings.6

On t he ot her  hand,  and si nce t here i s cont i nued 
development  and research in relat ion to new therapeut ic 
measures, the present  study was designed to offer a review 
of  t he l i t erat ure on t he new and f ut ure t herapeut i c 
alternat ives that  will become available for the t reatment  of 
severe sepsis in non-neut ropenic adult  crit ical pat ients.

Material and method

Search strategy

In Oct ober 2009 a review was made of  t he dat a sources, 
using the following terms and keywords: new therapy AND 

Nuevas alternativas terapéuticas para la sepsis grave en el paciente crítico. Revisión

Resumen 

Int roducción: La sepsis grave sigue teniendo elevadas morbilidad y mortalidad, a pesar de los 

esfuerzos realizados en la instauración de protocolos uniformes de actuación, debido, ent re 

ot ros muchos factores, a la existencia de múlt iples barreras para la implantación, así como su 

t iempo de aplicación. Es por ello que se sigue desarrollando e invest igando sobre nuevas medi-

das terapéut icas.

Obj et ivo:  Realizar una revisión de la literatura sobre las nuevas y futuras alternat ivas terapéu-

t icas de que disponemos para el t ratamiento de la sepsis en los pacientes crít icos.

Fuent es de dat os y mét odo de búsqueda:  Se l levo a cabo una búsqueda l imitada por t iempo 

desde 2004 hasta 2009, a t ravés del metabuscador Trip Database en las páginas de medicina 

basada en la evidencia (Cochrane Plus,  Nat ional Guideline Clearinghouse, Clinical Evidence, 

REMI y PubMed) y base de datos de ensayos clínicos (ClinicalTrials.gov).

Selección de los est udios:  Se obtuvieron de la búsqueda 357 documentos, de los cuales se selec-

cionaron 48 que incluyen revisiones sistemát icas, metaanálisis, guías de práct ica clínica, resú-

menes est ructurados de un art ículo original y ensayos clínicos. El método empleado para aplicar 

estos criterios se hizo mediante una revisión por pares.

Ext racción de datos:  Un posterior análisis 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 t ratamiento de la sepsis. Aunque no se 

aporta la abundante evidencia que señale la ut ilidad de estas medidas terapéut icas, probable-

mente el óxido nít rico inhalado, las estat inas y las inmunoglobulinas sean buenas alternat ivas en 

el t ratamiento adyuvante de la sepsis. Tendremos que esperar, de todas maneras, los resultados 

de los diferentes ensayos clínicos que se encuent ran en marcha sobre las nuevas terapias. El 

futuro posiblemente podría estar en las células madre y la genoterapia.

© 2010 Elsevier España, S.L. y SEMICYUC. Todos los derechos reservados.
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sepsis AND crit ically il l ,  l imited in t ime from 2004 to 2009, 
publ ished in Engl ish,  and using t he met abrowser  Tr ip 
Database in the medical pages based on evidence (Cochrane 
Plus, Nat ional Guideline Clearinghouse, Clinical Evidence, 
REMI,  PubMed) and cl inical t rials database,  ClinicalTrials.
gov.  In t he sel ect i on of  t he st udi es we r ecor ded  
357 document s,  of  which 48 were select ed,  including 
systemat ic reviews, metaanalyses, clinical pract ice guides, 
st ructured abst racts of original art icles, and clinical t rials. 
We excluded art icles involving therapies not  contemplated 
in sepsis and irrelevant  to the effects of our study, art icles 
referred to the neonatal or pediat ric populat ion, duplicated 
studies included in metaanalyses,  developed reviews and 
st ructured abst racts, ret rospect ive cohort  studies, clinical 
cases, laboratory studies or not  well def ined therapies, as 
shown in the f lowchart  (Fig. 1).

The method used to apply these criteria was peer review, 
and data ext ract ion 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 publ icat ion of  Iñigo et  al . 7 was t he f irst  populat ion-
based study in Spain to describe the epidemiology of severe 
sepsis in the Community of Madrid – est imat ing its incidence, 
mortalit y and impact  upon stay and costs. The informat ion 

source was the minimum basic data set  of the Community of 
Madrid corresponding t o t he year 2001,  and a t ot al  of  
6968 episodes were ident if ied. The authors concluded that  
severe sepsis is a frequent  condit ion with high mortality and 
an impor t ant  impact  in t erms of  heal t hcare resource 
consumpt ion.

Posteriorly,  Esteban et  al. 8 published the f irst  analysis in 
Spain of  t he populat ion-based incidence and mortal it y of 
sepsis. The study involved a prospect ive cohort  design, and 
confirmed the high incidence of the disorder (73-31 cases per 
100,000 adult s and year in reference to severe sepsis and 
sept ic shock), with an in-hospital mortality rate of between 
20.7-45.8%. Many of  these pat ients with severe sepsis and 
sept ic shock were t reated outside the Intensive Care Unit  
(ICU), and only 12% of all stages were admit ted to the ICU.

At  t he same t ime,  st udies were made t o evaluat e 
compl iance wi t h t he t herapeut ic measures and t hei r 
economical impact . In this context , the observat ional study 
published by De Miguel et  al.,9 involving a single center, had 
t he primary obj ect ive of  evaluat ing compliance wit h t he 
measured developed to opt imize the t reatment  of  severe 
sepsis in our rout ine cl inical pract ice – at tempt ing also to 
ident ify the variables signif icant ly associated with pat ient  
mort al i t y.  The aut hors concluded t hat  t he packages of 
measures proposed in t he “ Surviving sepsis campaign”  do 
not  seem to have had suf f icient  impact  in our Emergency 
Departments, and that  this may const itute a start ing point  
for planning a process designed to improve the prognosis of 
pat ients with severe sepsis in our hospitals.

In t he Uni t ed St at es,  Car l bon et  al . 10 conduct ed a 
t elephone survey of  t he medical  personnel  and nursing 

Figure 1 Flowchart : Search st rategy. Exclusion criteria: therapies not  contemplated in sepsis and irrelevant  to the effects of our 

study, art icles referred to the neonatal or pediat ric populat ion, duplicated studies included in metaanalyses, developed reviews and 

st ructured abstracts, ret rospect ive cohort  studies, clinical cases, laboratory studies and not  well defined therapies. DARE: Center for 

Reviews and Disseminat ion; CPG: clinical pract ice guide; NGC: Nat ional Guideline Clearinghouse.
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supervisors of  100 hospital Emergency Departments.  Only 
7% of  t hese Department s appl ied t he goal-oriented early 
resuscitat ion protocol in severe sepsis. In order to improve 
the qualit y of resuscitat ion in severe sepsis, it  is necessary 
t o ident i fy t he barriers t hat  compl icat e adherence.  The 
ment ioned survey ident if ied the main problems: a lack of 
nursing personnel,  t he impossibil it y of  monitoring cent ral 
venous pressure,  l imi t at i ons i n physi cal  space,  and 
dif f icult ies in ident ifying pat ients with severe sepsis.

Shorr et  al.11 examined the economical implicat ions of the 
int roduct ion of a severe sepsis protocol in the context  of a 
non-randomized st udy wit h a l imit ed number of  pat ient s 
(n=120), involving a single center. Despite the limitat ions of 
t he study,  it  was shown that  t he applicat ion of  a protocol 
for the management  of sept ic shock in the emergency room 
not  only reduces mort al i t y but  is also cost -ef fect ive and 
allows the saving of resources.

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

The EDUSEPSIS st udy,  car r i ed out  by Fer rer  et  al . , 6 
demonst rat ed improvement  in t he care and prognosis of 
severe sepsis pat ient s af t er an educat ional  program in 
Spain,  based on t he “ Surviving sepsis campaign” .  The 
authors concluded that  the improvement  process based on 
t he best  scient if ic evidence,  and it s t ransfer ref lected in 
recommendat ions and clinical guides, does not  automat ically 
ensure improvement  in the t reatment  of pat ients. Measures 
must  be int roduced to guarantee that  the clinical guides are 
act ual ly put  int o pract ice.  This requires t he audit ing of 
compliance with the standards of care and the put t ing into 
pract ice of educat ional, t raining and facilitat ion measures. 
This ambit ious st udy,  put  int o pract ice t hroughout  t he 
count ry,  ref lect s t he dif f icul t ies involved in applying t he 
cl inical  guides,  and point s t o t he need t o maint ain t he 
learning process over t ime.

Posteriorly,  t hese same authors, 12 in t he context  of  t he 
same EDUSEPSIS proj ect ,  analyzed t he ef f icacy of  t he 
t reatments recommended in the “ Surviving sepsis campaign” , 
based on the data of 2796 pat ients with severe sepsis in 77 
ICUs, and registering compliance with four t reatments – the 
analysis being fundamented upon a mult iple logist ic regression 
model and the propensit y score. The study concluded that  
only in severe sepsis, the t reatments associated to lesser in-
hospital mortality were the early administ rat ion (in the first  
hour) of  a broad-spect rum ant ibiot ic in al l  pat ient s (OR 
[95%CI] = 0.87 [0.5-0.9]; p < 0.008), and the administ rat ion of 
act ivated drotrecogin alpha in mult iorgan failure (OR [95%CI] 
= 0.59 [0.41-0.84]; p < 0.004).

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

Hemodynamic aspects: vasoactive drugs

Vasoact i ve drugs are one of  t he key element s in t he 
t reatment  of sept ic shock. The current  t reatment  guides in 
cases of  shock point  t o dopamine and noradrenalin as the 
f irst  choice agents, with no clear evidence of the superiority 
of one drug over the other. No clinical t rials have compared 
the two substances, though most  observat ional studies have 
associated dopamine with increased mortality.

The randomized, prospect ive,  double-blind mult icenter 
cl inical  t r ial  publ ished by Annan et  al . 13 compared t he 
ef f icacy and safet y of  adrenal in wit h t he combinat ion of 
noradrenalin and dobutamine. The choice of one regimen or 
the other does not  seem to require modif icat ions in the light  
of  t he f indings of  t his study.  The use of  adrenalin,  on t he 
other hand, may prove much more complicated outside the 
cont rolled context  of a clinical t rial.

Given it s import ance,  and al t hough it  fal ls out side t he 
search limits of our review, ment ion should be made of the 
recent  st udy carr ied out  by De Backer et  al . 14 This is a 
mult icenter t rial involving 1679 pat ients with shock of any 
origin (including sept ic shock),  randomized t o receive as 
f irst  choice drug either dopamine (at  a dose of up to 20 μg/
kg/ min) or noradrenalin (at  a dose of up to 0.19 μg/ kg/ min). 
The pat ients that  failed to respond to these doses received 
noradrenalin, vasopressin or adrenalin. The primary eff icacy 
endpoint  was mortal it y af t er 28 days.  Alt hough the study 
found no di f ferences in mort al i t y bet ween t he pat ient s 
t reated with dopamine and those administered adrenalin, 
there was a nonsignif icant  tendency towards lesser mortality 
with noradrenalin. Dopamine was associated with a greater 
frequency of tachycardia and severe arrhythmias, and with 
great er  mor t al i t y i n t he subgroup of  pat i ent s wi t h 
cardiogenic shock. Based on these data, noradrenalin should 
be regarded as superior to dopamine, and therefore should 
be defined as the f irst  choice drug in shock pat ients.

A phase III clinical t rial is current ly in course to compare 
the eff icacy of levosimendan versus dobutamine in pat ients 
wi t h sept i c shock – t he pr imary obj ect i ve being t he 
resolut ion of shock, and the secondary object ive the changes 
in cardiac funct ion.  This st udy is current ly in t he pat ient  
recruitment  phase.15

Acute renal failure and extrarenal filtration

Sept ic shock is a frequent  cause of mult iorgan failure (MOF) 
in the ICU. For this reason ext racorporeal techniques for the 
management  of  renal failure have become general ized in 
such Uni t s,  and at  t he same t ime new ext racorporeal 
f ilt rat ion systems have been developed for the eliminat ion 
of inf lammatory mediators.

Latour et  al.16 have published an excellent  crit ical review 
of the opt imum dialysis dose in acute renal failure, analyzing 
t he ef fect iveness of  high doses in comparison wit h t he 
t radit ional doses in pat ients with acute kidney damage, in 
terms of mortality and the recovery of renal funct ion – based 
on the Vicenza, ATN and DOREMI studies. The results of this 
review point  t o t he existence of  f irm evidence that  high-
volume hemofilt rat ion (HVHF) does not  signif icant ly reduce 
mortalit y in renal failure pat ients.  Indeed, there are even 
indicat ions that  HVHF may be deleterious for pat ients with 
sepsis and renal failure (DOREMI, adj usted OR (95%CI) = 1.91 
[0.71-5.13]). There is moderate evidence that  high doses do 
not  improve the recovery of renal funct ion in pat ients with 
acut e renal  fai lure (RR [95%CI]  = 0.96 [0.88-1.05] );  as a 
result , given the associated increase in work load and costs, 
t he recommendat ion of  HVHF in t hese pat ient s is not  
j ust if ied. The recommendat ions on the use of high doses in 
pat ient s wit h severe sepsis wit hout  renal  fai lure,  or t he 
possi bl e usef ul ness of  pul se HVHF i n pat i ent s wi t h 
i nf l ammat ory response syndrome and hemodynamic 
instability, were outside the scope if  the ment ioned review.
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New ext racorporeal f i l t rat ion t echniques have recent ly 
been developed f or  t he el iminat ion of  inf l ammat ory 
mediat ors,  such as hemoperfusion wit h polymyxin B and 
plasmapheresis.

Hemoperfusion with polymyxin B

For years,  t he ear ly ut i l izat ion of  hemoperfusion wi t h 
polymyxin B in sept ic shock of abdominal origin forms part  
of  st andard t reatment  for sepsis caused by gramnegat ive 
bacilli in Japan. The mechanism involves the eliminat ion of 
endotoxins t hrough adsorpt ion,  prevent ing progression of 
the inf lammatory cascade. In this sense, Cruz et  al. 17 have 
recent ly published a randomized clinical t rial to determine 
the eff icacy of hemoperfusion with polymyxin B – the clinical 
endpoints being a lesser use of vasopressors, arterial oxygen 
tension/ inspiratory oxygen fract ion, SOFA (Sequent ial Organ 
Fai lure Assessment ) score,  and mort al i t y due t o sepsis 
caused by gramnegat ive bacil l i.  They included 64 pat ients 
wit h severe sepsis and sept ic shock of  abdominal  origin 
subjected to emergency management . The t rial was stopped 
by the ethics commit tee once the f irst  64 pat ients had been 
recruit ed,  due t o t he evidenced dif ferences in mortal it y. 
The SOFA score and survival  rat es were bet t er  in t he 
polymyxin B group.  The resul t s of  t his cl inical  t r ial  are 
scant ly ext rapolat able t o ot her t ypes of  sept ic pat ient s, 
however, since these were highly selected pat ients in which 
eliminat ion of the primary focus proved possible.

Plasmapheresis

Based on previous st udies such as t he work of  Busund et  
al . , 18 where t here appeared t o be a t endency t owards 
diminished mortality, new techniques have been developed, 
such as CPFA (coupled plasma f ilt rat ion adsorpt ion),  which 
uses a plasma-blood separat ion adsorbent , obtained with a 
plasma filter. The COMPACT clinical t rial,19 which is current ly 
in t he pat ient  recrui t ment  phase,  aims t o det ermine 
whether the combinat ion of plasma, f ilt rat ion and adsorpt ion 
is able t o reduce mort al i t y and prevent  organ fai lure in 
sept ic shock.

The t reatment  consists of the separat ion of plasma from 
blood with adsorpt ion of  t he inf lammatory mediators and 
cyt okines f rom plasma,  fol lowed by a purif icat ion phase 
using a hemofilter. It  possibly may be more useful in selected 
cases with thrombocytopenia, and caused by gramnegat ive 
bacilli.

Metabolic aspects: nutrition in sepsis, insulin

In the metaanalysis published by Griesdale and Wierner20,21 
on t he use of  int ensive insul in t herapy and t he reduct ion 
of  mortal it y in crit ical pat ient s,  which included t he data 
of  t he NICE-SUGAR, intensive insul in t herapy was seen to 
si gni f i cant l y i ncrease t he r i sk of  hypogl ycemia (OR 
 [95%CI]  = 5.99 [4.47-8.03] ),  and af forded no benef it s in 
t erms of  global mortal it y among the crit ical pat ient s (OR 
[95%CI]  = 0.93 [0.83-1.04] ).  Such t reat ment  may benef it  
pat ient s admit t ed t o a surgical  ICU (OR [95%CI]  = 0.63 
[0.44-0.91]).

Hematological aspects: coagulation

Strategies designed to restore the physiological ant icoagulant  
pathways, such as the administ rat ion of ant ithrombin (ATIII) 
and ant i-t issue factor, have been developed in pat ients with 
severe sepsis /  sept ic shock in recent  years.

A review conducted by the American Thoracic Society on 
ant icoagulant  t reatment  with ant ithrombin III and t ifacogin 
(ant i -t issue fact or) has concluded t hat  bot h st rat egies 
proved inef f ect ive in reducing mort al i t y in t wo large 
placebo-cont rolled, phase III t rials.22-24

Adjuvant treatment of severe sepsis

Activated protein C (APC)

The clinical pract ice guides recommend the administ rat ion 
of act ivated protein C (APC), in adult  pat ients with severe 
sepsis and a high mort al i t y r isk,  def ined by any of  t he 
following four criteria:

1.  Acute dysfunct ion of two or more organs 
2.  APACHE-II score > 24 points in the previous 24 hours
3.  Sept ic shock
4.   Acute respiratory dist ress syndrome (ARDS) secondary to 

sepsis (pO2/ FiO2 < 200 mmHg)

Act ivated protein C is not  indicated in eit her pediat ric 
pat ients or in high risk adult  pat ients (APACHE-II score < 25 
point s and fai lure of  a single organ).  The most  ser ious 
adverse ef f ect  relat ed t o t he administ rat ion of  APC is 
bleeding.

Mart i-Carvaj al et  al.25 carried out  a systemat ic Cochrane 
review on recombinant  human act ivated protein C for severe 
sepsis, including the following four clinical t rials:

Table 1 Update on new alternat ive therapies in sepsis

Study Therapy

Jaime Latour-Pérez, 200916 Ext rarenal f ilt rat ion

Dinna N. Cruz, 200917 Polymyxin B

Donald E.G. Griesdale, 200920;  Wiener R.S., 200921 Insulin

ATS 2005, Eid 200822,23;  Mart í-Carvaj al, 200825 Coagulat ion: ATIII, IFT, APC

D. Annane, 200929 Cort icosteroids

Gómez-Tello, 200836 Immunoglobulins

Edwin Massey, 2009; Smith, 200637,38 Colony st imulat ing factor

Wang, 200939 HMGβ1

Weil, 200943 Stem cells

Wurfel, 200944 Polymorphisms
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1.   Abraham 2005: randomized, double-blind versus placebo 
t r ial .  Mul t icent er :  516 cent ers,  int ernat ional  wi t h  
34 count ries and 2640 pat ients. 

2.   Bernard 2001a: randomized, double-blind versus placebo 
t r i al .  Mul t i cent er :  40 cent ers,  i nt ernat i onal  and  
135 pat ients.

3.   Bernard 2001b: randomized, double-blind versus placebo 
t r ial .  Mul t icent er :  164 cent ers,  int ernat ional  wi t h  
11 count ries and 1728 pat ients.

4.   Nadel 2007:  randomized,  double-bl ind versus placebo 
t r ial .  Mul t icent er :  104 cent ers,  int ernat ional  wi t h  
18 count ries and 477 pat ients.

The review analyzed a total of 4911 pat ients (4434 adults 
and 477 pediat ric pat ient s) in relat ion t o mort al it y af t er  
28 days.  APC was not  seen to reduce the mortal it y risk in 
adults with severe sepsis (grouped RR = 0.92; 95% confidence 
interval, 0.72 to 1.18; p = 0.50, I2 = 72%). The effect iveness 
of  APC did not  seem t o be associat ed t o t he severi t y of 
sepsis (two studies):  for an APACHE-II score of  < 25 points, 
the RR was 1.04 (95%CI, 0.89 to 1.21; p = 0.70), while in the 
part icipat ing pat ients with an APACHE-II score of  25 points 
or more,  t he RR was 0.90 (95%CI,  0.54 t o 1.49;  p = 0.68). 
However, the use of APC was associated to an increased risk 
of  bleeding (RR = 1.48 [95%CI,  1.07 t o 2.06;  p = 0.02,  I2 = 
8%).  Two st udies were premat urely int errupt ed because 
there were few chances of reaching the expected eff icacy 
at  the end of the study – no evidence being found to suggest  
that  APC should be used in the t reatment  of  pat ients with 
severe sepsis or sept ic shock.  In addit ion,  t he use of  APC 
appears to be associated to an increased risk of bleeding.

Posteriorly, two phase III clinical t rials were started, and 
are current ly in t he pat ient  recruit ment  st age,  wit h t he 
purpose of  evaluat ing t he ef f icacy and safet y of  APC in 
adul t s wit h sept ic shock.  The obj ect ive is t o det ermine 
whet her t reat ment  wi t h t his drug reduces mort al i t y in 
pat ient s wi t h sept ic shock,  compared wi t h placebo,  in 
pat ients administered a standard t reatment . 26

The APROCCHS cl inical t rial, 27 designed to compare t he 
ef f icacy and safet y of  APC and low-dose cort icost eroids, 
invest igate the interact ion between them in the management  
of  sept ic shock,  and assess reduct ion of  mor t al i t y,  i s 
present ly in the pat ient  recruitment  phase, and no result s 
have yet  become available.

Corticosteroids in severe sepsis and septic shock

The cl i ni cal  t r i al s car r i ed out  i n recent  years wi t h 
hydrocort isone replacement  doses in sept ic shock have 
shown such t reatment  to improve the pat ient  hemodynamic 
condit ion and reduce mortality.

The resul t s of  t he CORTICUS st udy, 28 a randomized, 
double-bl ind and placebo-cont rol led mult icenter cl inical 
t r ial  in adul t  pat ient s wi t h sept ic shock f or  less t han  
72 hours,  do not  warrant  t he use of  hydrocort isone in 
pat ients with sept ic shock. In this study the pat ients, after 
a st andard ACTH t est  (250 μg),  received 50 mg i . v.  of 
hydrocort isone or placebo every 6 hours during 5 days, with 
gradual dose reduct ion over a further 6 days. The primary 
outcome endpoint  was mortality after 28 days in the pat ients 
without  response to the ACTH test . The results of this study 
do not  support  t he use of  hydrocort isone in sept ic shock, 
and do not  demonst rate the usefulness of  ACTH test ing in 

select ing pat ients who might  benef it  f rom this t reatment . 
However,  t he l esser  mor t al i t y of  t he pat ient s of  t he 
CORTICUS st udy wit h respect  t o previous t r ials,  and t he 
more favorable hemodynamic response of  t hose t reat ed 
wit h hydrocort isone,  indicate t hat  t he t reatment  may be 
beneficial in pat ients with an increased mortality risk – such 
as t hose wit h persist ent  hypotension despit e t he st art  of 
t reat ment  wi t h vasoact ive drugs,  or t hose who require 
progressively higher doses of such drugs.

In t his context ,  t he current  int ernat ional guides of  t he 
“ Survi vi ng sepsi s campai gn”  i ndi cat e t hat  knowi ng 
over i nf ect i on t o be t he mai n r i sk associ at ed wi t h 
cort icosteroid use, t he fol lowing recommendat ions of  use 
can be made:

1.   In adults with sept ic shock only when hypotension fails to 
respond t o adequat e f l ui d repl acement  and t he 
administ rat ion of vasopressors. 

2.   ACTH test ing is not  recommended for select ing pat ients 
with sept ic shock who should receive hydrocort isone.

3.  Hydrocort isone is preferable to dexamethasone.
4.   Fludrocort isone can be included (50 μg via the enteral route 

once a day) if use is made of an alternative to hydrocort isone 
wi t hout  mi ner al ocor t i coi d act i vi t y.  The use of 
fludrocort isone is opt ional is hydrocort isone is used.

5.   Cort icost eroid t reat ment  can be reduced when t he 
vasopressors are no longer needed.

6.  The hydrocort isone dose should not  exceed 300 mg/ day.
7.   Cort icosteroids should not  be used to t reat  sepsis in the 

absence of  shock,  unless t he pat ient  has endocr ine 
antecedents or a history of  cort icosteroid use advising 
such t reatment .

This new systemat ic review, carried out  by Annane et  al.,  
and which includes t he CORTICUS t r ial , 29 compr ising  
22 studies (17 randomized clinical t rials in 2138 pat ients and 
3 semi-experimental studies in 246 pat ients),  invest igates 
the effects of cort icosteroids upon mortality after 28 days in 
pat ient s wit h sepsis and sept ic shock (primary out come 
endpoint )(OR [95%CI]  = 0.87 [0.74-1.01] ),  as wel l  as t he 
ef f ect  of  t he dosage and durat ion of  t reat ment  upon 
different  results. With these data in hand, it  is not  advisable 
to extend low-dose cort icosteroid use to the full spect rum 
of  pat ient s wit h sepsis;  rather,  such t reatment  should be 
reserved f or  t he more ser i ous cases,  i n wai t  of  t he 
publicat ion of the clinical t rials that  are st ill in course.

Miscellaneous: nitric oxide, statins, 
immunoglobulins and others

Nitric oxide

In a systemat ic review carried out  by Cent re for Reviews 
and Disseminat ion (DARE),  in pat ient s wi t h respirat ory 
dist ress syndrome secondary t o sepsis wi t h mul t iorgan 
failure,  inhalatory nit ric oxide did not  appear t o improve 
t he resul t s in t his populat ion;  as a resul t ,  i t s ut i l izat ion 
should be reconsidered.30

In t his context ,  a phase III cl inical t rial current ly in t he 
pat ient  recruitment  stage31 has been designed to determine 
whether inhalatory nit ric oxide is effect ive in applicat ion to 
microcirculatory dysfunct ion and mult iorgan failure (SOFA 
score) in the management  of the early stages of sepsis.
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Statins

There is growing debat e about  t he possible role of  t he 
stat ins in the management  of sepsis. Kopterides et  al., 32 in a 
crit ical review of  22 studies involving 177,260 pat ients (7 
pr ospect i ve cohor t s,  12 r et r ospect i ve cohor t s,  2 
ret rospect ive st udies and one randomized cl inical  t rial),  
concluded that  most  of the studies f ind the stat ins to exert  
a benef icial ef fect  upon infect ion outcome. However,  t he 
observat ional nature of the survey precluded the drawing of 
f irm conclusions.

Two phase III and IV clinical t rials are current ly underway 
on the use of simvastat in in pat ients with sept ic shock – the 
aim being t o demonst rate t he hypothesis t hat  short -t erm 
t herapy wi t h simvast at in can improve t he delet er ious 
ef fect s of  acut e vascular inf lammat ion in pat ient s wit h 
sept ic shock.  The primary obj ect ive is t he reduct ion of 
vasoact ive drug use in cardiovascular support .33

Anot her st udy at t empt s t o evaluat e t he ef f icacy and 
safety of rosuvastat in 20 mg via the oral route or nasogast ric 
tube during 28 days, or unt il hospital discharge, in pat ients 
with sepsis induced by acute lung damage, and its inf luence 
upon the reduct ion of mortalit y. No informat ion in relat ion 
to the results is available.34

Immunoglobulins

Laupland et  al . 35 conduct ed a syst emat ic review and 
metaanalysis of 14 randomized clinical t rials involving 1987 
pat ient s,  wit h t he aim of  det ermining whet her adj uvant  
therapy with int ravenous polyclonal immunoglobulin reduces 
mortality among adults with severe sepsis and sept ic shock. 
Pentaglobin was the immunoglobulin most  of ten employed 
in the studies. This metaanalysis shows a global reduct ion in 
mortality with the use of int ravenous immunoglobulin in the 
adj uvant  t reat ment  of  severe sepsis and sept ic shock in 
adult s,  RR = 0.66 (0.53-0.83),  t hough t here is signif icant  
heterogeneity among the t rials included, and this result  was 
moreover not  conf irmed when t he analysis was made in 
reference to the high quality studies.

Gómez36 conduct ed a cr i t i cal  review of  t he use of 
immunoglobulins in sept ic pat ients, and on the basis of the 
evidence obt ained proposed t he use of  immunoglobul in 
enriched wit h IgM /  IgA as adj uvant  t herapy.  It  must  be 
ment ioned that  the studies with a greater provision of IgM/
IgA and involving high doses were found to be more effect ive 
in reducing mor t al i t y.  This would const i t ut e grade C 
recommendat ion (based on several  smal l  randomized 
cl i ni cal  t r i al s wi t h uncer t ai n resul t s) ,  or  grade 2C 
recommendat ion according to the GRADE scale.

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

Colony stimulating factor

The ident if ied cont rol led t rials raise t he possibi l i t y t hat  
prophylact ic granulocyte t ransfusions at  a dose of  at  least   
1 x 1010 could reduce the risk of mortalit y due to infect ion. 
The resul t s of  t hese t r ials reveal  no reduct ion in global 
mortality. However, most  of the studies were made decades 
ago,  and t he st andard in support ive care have advanced 
considerably since t hen.  It  i s di f f i cul t  t o recommend 
prophylact ic granulocyte t ransfusions outside the context  of 
t he cont rol l ed t r i al s cur rent l y i n course,  gi ven t he 

implicat ions in terms of resources and costs. Larger studies 
are needed to establish the validity of the potent ial benefits 
suggest ed by t his review,  in view of  t he met hodological 
l imitat ions, the small sample sizes, and the heterogeneous 
definit ions of infect ion found in the included studies. 37,38

Antihydroxymethylglutaryl b1 antibodies (HMG 1)

HMGβ1 are neut ral i zi ng ant i bodies t hat  i nhi bi t  t he 
inf lammat ory cascade.  The review publ ished by Wang et  
al.39 discusses the potent ial therapeut ic effect  of a series of 
HMGβ1 inhibi t ors (neut ral izing ant ibodies t arget ed t o 
endot oxins) in exper iment al  sepsis,  t hough wi t h scant  
possibilit ies for ext rapolat ion to the clinical set t ing.

Antioxidants

Selenium. During sepsis and mult iorgan failure,  the serum 
concent rat ions of  selenium – a glut at hione peroxidase 
cofact or – are seen t o decrease.  A phase III cl inical  t r ial 
(SISPCT) has been planned wit h t he aim of  det ermining 
whether the int ravenous administ rat ion of selenium is able 
to reduce mortalit y in pat ients with severe sepsis or sept ic 
shock.  In addi t ion,  i t  i s being examined whet her  t he 
measurement  of  procalcit onin (PCT) can be used to guide 
the therapeut ic measures. 40,41

Eicosapentaenoic acid (EPA) and gammalinolenic acid (GLA). 

No data are yet  available on a phase IV clinical t rial that  has 
j ust  been completed, and which was started in June 2007 
wit h t he purpose of  det ermining t he possible role of  an 
enteral formula enriched with EPA, GLA and ant ioxidants, 
versus a standard isocaloric diet . The authors have analyzed 
t he impact  of  t his diet  upon t he cont rol of  blood glucose 
and its capacity to prevent  the progression of sepsis towards 
more serious condit ions such as severe sepsis and sept ic 
shock.42

St em cel ls and polymorphisms. The experimental evidence 
indicates that  stem cells are immunologically sensit ive cells 
in si t es of  inf lammat ion and t issue damage.  These cel ls 
secrete growth factors in response to l ipopolysaccharides 
and tumor necrosis factor,  which may l imit  apoptosis and 
organ damage,  and might  represent  an endogenous 
therapeut ic st rategy. 43 Likewise, variat ions in the common 
sequence of genes encoding for the innate immune response, 
inf lammatory mediators and coagulat ion modulators have 
drawn special at tent ion. The important  informat ion on the 
physiopathology of sepsis, provided by these studies, will be 
analyzed t oget her wit h t he relevance of  such f indings in 
relat ion to the design of future diagnost ic and therapeut ic 
st rategies.44

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

Anti-tissue factor

Ti ssue f act or  (TF)  dependent  upon t he act i vi t y of 
procoagulat ing act ivit y and t he associat ed inf lammat ory 
processes may play a role in the severity and progression of 
acute lung inj ury, ALI/ ARDS. Recent  studies have shown the 
levels of TF to be increased in plasma and lung edema f luid 
in ALI/ ARDS.  This in t urn was correlat ed t o increased 
mor t al i t y,  more days of  vent i l at ion,  t he presence of 
disseminated int ravascular coagulat ion and sepsis in pat ients 
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with ALI/ ARDS. Therefore, ant ibodies that  block TF act ivity 
may const itute an effect ive mechanism for the t reatment  of 
inf lammatory disorders such as ALI and ARDS.

In this line there is a phase II clinical t rial present ly in the 
pat ient  recruitment  period, designed to evaluate the use of 
ant i-t issue fact or (ant i-TF) ant ibodies (ALT-836) for t he 
t reatment  of sept ic pat ients with acute lung inj ury or acute 
respirat ory dist ress syndrome,  assessing t he safet y and 
ef f icacy of  a recombinant  ant i-TF ant ibody versus placebo 
in pat ients with sepsis and ALI/ ARDS. 45

Lactoferrin

Lactoferrin is a glycoprotein and a potent  ant ioxidant  which 
moreover possesses immune st imulat ing,  ant ivi ral  and 
ant imicrobial propert ies. It  belongs to the cytokine family 
modulat ing the coordinat ion of cellular immune response to 
infect ions. In this sense, there is a phase II cl inical t rial in 
course that  aims to evaluate the safety and potent ial benefit  
of  recombinant  human lact oferrin (t alact oferrin-alpha),  
15 ml of a 100 mg/ ml (1.5 g) oral solut ion administered three 
t imes a day for a maximum of  28 days or unt i l  discharge 
from the ICU, versus placebo, in pat ients with severe sepsis 
– the primary obj ect ive being the reduct ion of mortality. 46

Vasoactive intestinal peptide (VIP)

Vasoact ive intest inal pept ide is a 28-amino acid polypept idic 
hormone wit h vasodi lat or act ivi t y and ef fect s upon t he 
peripheral nervous system. As an example, VIP relaxes the 
lungs, t rachea and gast ric muscle. It  inhibit s the secret ion 
of gast ric enzymes and st imulates the secret ion of glucagon, 
insul in and somat ost at in − increasing adenyl cyclase and 
bile secret ion in the liver.

A phase I st udy is present ly being carr ied out  on t he 
int ravenous dosing of VIP administered over 6 or 12 hours, in 
pat ients with respiratory dist ress syndrome and sepsis, with 
the purpose of evaluat ing the safety and pharmacodynamic 
act ivity of this pept ide in pat ients of this kind. 47

TAK-242

A phase III clinical t rial has been designed with the purpose 
of  est abl ishing t he opt imum dose of  TAK-242 (a cyt okine 
suppressor),  administ ering 1.2 mg/ kg as a subcut aneous 
inj ect ion over 30 min. ,  and t hen TAK-242 at  a dose of  
0. 05 mg/ kg/ hours (1. 2 mg/ kg/ day) i n t he f orm of  a 
subcutaneous inj ect ion during 96 hours versus placebo, with 
evaluat ion of  t he reduct ion in mort al i t y among pat ient s 
with sepsis.48

Conclusions

The mult iple studies made on the int roduct ion of  a sepsis 
intervent ion protocol offer clinical and economical benefits. 
It  is necessary to analyze the local organizat ional barriers 
t hat  prevent  each hospit al  f rom applying such protocols. 
The t wo measures found t o be most  ef f ect ive in t hese 
prot ocol s,  f ol l owing t he cor responding mul t i var iat e 
analyses,  in terms of  a reduct ion in pat ient  mortal it y,  are 
t he ear l y use of  empi r ical  broad-spect rum ant ibiot ic 
t reatment  in all pat ients and the use of act ivated protein C 
in the more seriously il l  subj ects.  However,  t hese f indings 
are based only on t he dat a f rom a sub-analysis of  an 

observat ional st udy,  wit h no other support ing evidence − 
t he recommendat ions being f undament ed on st udies 
predat ing t he reviewed period.  The st udies conduct ed 
during the reviewed period have not  been able to conf irm 
the eff icacy of act ivated protein C.

In t he reviewed period (2004-2009) t here have been no 
cont r ibut ions wi t h suf f icient  evidence t o al low new or 
further recommendat ions.  Alt hough lacking the abundant  
body of evidence obtained for other therapeut ic measures, 
inhalatory nit ric oxide, the stat ins and immunoglobulins are 
probably good al t ernat ives in t he adj uvant  t reat ment  of 
sepsis.

We will have to wait  for the results of the different  clinical 
t rials on the new therapies in sepsis, which are present ly in 
course. The future possibly may l ie in stem cells and gene 
therapy.
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