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Abstract

Objectives:  This  study  evaluates  the  potential  prognostic  value  of  serial  measurements  of dif-
ferent biomarkers  (procalcitonin  [PCT],  C-reactive  protein  and  leukocytes  [CRP])  in  septic  shock
patients.
Design: Prospective  observational  study.
Setting: Intensive  care  unit  of  a  third-level  University  Hospital.
Patients:  The  study  comprised  a  total  of  88  septic  shock  patients  defined  using  the 2001  Consen-
sus Conference  SCCM/ESICM/ACCP/ATS/SIS  criteria.  The  PCT,  CRP  and  leukocytes  were  recorded
on admission  to  the  ICU  and  again  72  h  after  admission.
Interventions:  None.
Results:  Those  patients  with  increasing  procalcitonin  levels  showed  higher  hospital  mortality
than those  with  a  decreasing  levels  (58.8%  vs 15.4%,  p  < 0.01).  No  such  effect  was  observed  in
relation to  C-reactive  protein  or leukocytes.  The  best  area  under  the  curve  for  prognosis  was  for
procalcitonin  clearance  (0.79).  A procalcitonin  clearance  of  70%  or higher  offered  a  sensitivity
and specificity  of  94.7%  and 53%,  respectively.
Conclusions:  Serial  procalcitonin  measurements  are more  predictive  of  the  prognosis  of  septic
shock patients  than  single  measurements  of this parameter.  The  prognostic  reliability  of  the
latter is  also  better  than  in the  case  of  C-reactive  protein  and leukocytes.  The  application
of serial  procalcitonin  measurements  may  allow  the  identification  of  those  septic  patients  at
increased  mortality  risk, and  help  improve  their  treatment.
©  2011  Elsevier  España,  S.L.  and  SEMICYUC.  All  rights  reserved.
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Valor  pronóstico  del  aclaramiento  de procalcitonina,  PCR  y leucocitos  en  el  shock

séptico

Resumen

Objetivos:  El presente  estudio  evalúa  la  utilidad  pronóstica  que  la  determinación  seriada  de
diferentes biomarcadores  (procalcitonina  [PCT],  proteína  C reactiva  [PCR]  y  leucocitos)  podría
tener en  los enfermos  en  shock  séptico.
Diseño:  Estudio  prospectivo  observacional.
Ámbito: La  unidad  de  cuidados  intensivos  (UCI)  de nuestro  centro,  un  Hospital  Universitario  de
tercer  nivel.
Pacientes: Ochenta  y  ocho  pacientes  en  shock  séptico  según  criterios  de  la  Conferencia  de
Consenso  SCCM/ESICM/ACCP/ATS/SIS  de  2001.  Se llevó  a  cabo  la  determinación  de  PCT,  PCR  y
leucocitos al  ingreso  en  la  UCI  y  a  las  72  horas  del  mismo.
Intervenciones:  Ninguna.
Resultados:  Los  pacientes  con  incremento  en  los  valores  de PCT  presentaron  una  mayor  mor-
talidad hospitalaria  en  comparación  con  los que  presentaron  un  descenso  de los  mismos  (58,8
frente al  15,4%,  p  < 0,01).  Este efecto  no se  observó  en  las  determinaciones  de PCR  ni los  leu-
cocitos.  El mejor  área  bajo  la  curva  ROC para  el  pronóstico  correspondió  al  aclaramiento  de
PCT (0,79).  El aclaramiento  del  70%  en  los valores  de  PCT  permitió  discriminar  la  supervivencia
hospitalaria  con  una sensibilidad  del  94,7%  y  una especificidad  del  53%.
Conclusiones:  La  determinación  seriada  de los  valores  de PCT  predice  mejor  que  la  determi-
nación  única  el  pronóstico  de  los  pacientes  en  shock  séptico.  Su  fiabilidad  pronóstica  es  superior
a la  de  la  PCR  y  los leucocitos.  El  uso  de  las  determinaciones  seriadas  de  PCT  podría  ayudar  a
identificar  a  aquellos  pacientes  sépticos  con  mayor  riesgo  de  muerte  permitiendo  optimizar  su
tratamiento.
© 2011  Elsevier  España,  S.L.  y  SEMICYUC.  Todos  los  derechos  reservados.

Introduction

Sepsis  and  its  consequences  are one  of  the  leading  causes  of
death  in  Intensive  Care  units  (ICUs).1,2 The  growing  preva-
lence  of  sepsis  and its  high  mortality  rate  define  it as  a very
important  sociosanitary  problem.  In  Spain,  Esteban  et  al.,
in  a  study  conducted  in three  hospitals  in Madrid,  recorded
an  incidence  of  333  cases  of  sepsis  per  100,000  inhabitants-
year,  with  an in-hospital  mortality  rate  of 13%  for sepsis,  28%
for  severe  sepsis,  and  46%  for  septic  shock.3 These  figures
place  severe  sepsis  as  the  fifth  ranking  cause  of  mortality  in
Spain,  after  heart  disease,  cerebrovascular  disease,  cancer
and  chronic  lung  disease----without  counting  the  contribution
of  sepsis  to  mortality  associated  with  all  of the aforemen-
tioned  disorders.

Different  initiatives  have  attempted  to  improve  the
survival  of  septic  patients  based  on strategies  designed
to  ensure  the early  diagnosis  and treatment  of  these
subjects.4---12 However,  the  complexity  of these  patients,
who  often  develop  multiorgan  failure  (MOF)  and  polymi-
crobial  infections  or  infections  produced  by  multiresistant
pathogens,  complicates  the provision  of  optimum  treat-
ment.  The  early  detection  of  those  patients  showing  an
initial  unfavorable  course  or  with  an increased  mortality
risk  is  essential  in  order  to  prevent  the progression  of
organ  dysfunction,  which would increase  the  frequency  of
complications  and  patient  mortality.13,14 Although  the  use
of  complementary  tests  facilitates  the  detection  of  such
patients,  their  usefulness  is  often  limited,15 while  other
techniques  such  as  cultures  typically  require  long  time  inter-
vals  for  obtaining  results.3

Procalcitonin  (PCT)  is  a peptide  precursor  of  the  hor-
mone  calcitonin  found  in  very  low  (<0.05  ng/ml)  or  even
undetectable  concentrations  in healthy  individuals.  In
situations  of  infection,  however,  different  body  tissues
(kidney,  adipose  tissue,  lung  and  liver)  secrete  PCT  into
the  bloodstream----concentrations  of  over  0.5  ng/ml  being
regarded  as  pathological.16 Different  studies  have found  PCT
to  behave  as  a  diagnostic  marker  of  bacterial  infection  that
is  more  reliable  than  other  markers  commonly  used in  clin-
ical  practice,  such  as  C-reactive  protein  (CRP)  or  leukocyte
count,  and  even  more  reliable  than  experimental  markers
such  as  interleukin-6  (IL-6)  or  IL-8.17 PCT  also  has prognostic
value----its  levels  being  related  to  the severity  and  mortality
of  infection.18,19 However,  different  factors,  including  the
duration  of  sepsis  or  the presence  of  renal  failure,  can  lead
to  a loss  of  reliability  when  PCT  determination  is  carried
out  on  an  isolated  basis.16,20 Serial  measurements  over  time
could  remedy  this  limitation,  though  the  existing  experience
in  patients  with  septic  shock  is  limited.

The  present  study  examines  the  usefulness  of  the  serial
determination  of  plasma  PCT  in relation  to  the prognosis  of
patients  with  septic  shock,  comparing  it with  other  markers
used  in routine clinical  practice.

Materials and methods

Population

A prospective,  observational  cohort  study  was  carried  out
of  all patients  over 14  years  of  age admitted  to  the ICU  of
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Marqués  de Valdecilla  University  Hospital  in Santander
(Spain)  with  septic  shock  according  to  the definitions
proposed  by the SCCM/ESICM/ACCP/ATS/SIS  consensus
conference,1 i.e.,  the presence  of severe  sepsis  with  arterial
hypotension  and/or  persistent  signs  of  tissue  hypoperfu-
sion  refractory  to  the intravenous  administration  of  fluids
(20  ml/kg),  and  requiring  the infusion  of  vasoactive  drugs.
The  study  period  extended  from  1 January  2009  to  31  Decem-
ber  2009.

Infection  was  suspected  from  the  presence  of an infec-
tious  focus  documented  by  compatible  radiological  or
laboratory  test  findings,  a clinical  syndrome  associated  with
a  high  probability  of  infection,  or  distributive  shock  not
explainable  by  other  causes.

We  excluded  patients  aged  ≤14  years;  patients  with
recent  cardiac  arrest  or  with  instructions  referred  to  the  lim-
itation  of  therapeutic  effort;  patients  without  severe  sepsis
or  septic  shock  at  the time  of admission  to  the ICU  but  who
developed  such  problems  during admission  to  the Unit;  and
those  patients  who  died  or  were  discharged  from  the ICU  in
under  72 h.

Recording  of  variables

The  demographic  characteristics  of  the  patients  were
documented,  together  with  the  laboratory  test  findings
(basic  biochemistry,  lactate,  PCT,  CRP,  complete  blood
count,  coagulation  and venous  blood  gases),  microbiolog-
ical  culture  results,  number  of days with  antibiotics,  the
main  final  diagnosis,  patient  condition  at  hospital  discharge
and  cause  of death  (related  or  unrelated  to  sepsis).  Organ
dysfunctions  in  turn  were  assessed  based  on  the  defini-
tions  proposed  by  the SCCM/ESICM/ACCP/ATS/SIS  consensus
conference.1

Determination  of markers

Plasma  PCT  and  CRP  were  determined,  together  with
the  leukocyte  count  upon admission  to  the ICU  and
after 72  h. We  also  calculated  the clearance  of  each
marker  as  the percentage  variation  in the value  obtained
in  the  last  determination  versus  the first, based  on
the  following  formula:  [(initial  value  −  final  value/initial
value)  ×  100].  CRP  was  assayed  using  an  immunoturbidi-
metric  test  (CRPLX,  0---439) with  the  COBAS  INTEGRA  400
analyzer  (Roche,  Germany).  The  plasma  PCT  concentra-
tions  were  determined  using  a test  based on  TRACE  (Time
Resolved  Amplified  Cryptate  Emission)  technology  with
the  Kryptor  PCT  analyzer  (Brahms,  Germany).  The  leuko-
cyte  counts  were  established  by  automatic  laser  mediated
counting.

Statistical  analysis

The  continuous  variables  were expressed  as  the  mean  ± SD,
or  as  the  median  and  interquartile  range  (IQR)  in
the  case  of  a  non-normal  distribution.  The  qualitative
variables  were  expressed  as  absolute  variables  and  percent-
ages.

Comparison  of  the  means of continuous  variables  for  two
groups  was  based  on  analysis  of  variance  or  the nonparamet-
ric  Kruskal---Wallis  test,  where  indicated.  The  comparison  of
proportions  was  made  using  the chi-squared  test,  with  Yates
correction  where  applicable.  An  alpha  risk  with  p < 0.05
was  assumed  for considering  a relationship  to  be  statis-
tically  significant.  A univariate  analysis  was  performed  to
determine  the association  of the  different  variables  to
mortality.

For  the  diagnostic  and  prognostic  evaluation  of  the bio-
logical  markers  we  determined  the corresponding  diagnostic
reliability  indices:  sensitivity,  specificity,  positive  predictive
value  and  negative  predictive  value for  each cutoff  point of
each  biological  marker.  Comparison  of the  diagnostic  accu-
racy  of  the  markers  was  made  using  ROC  (receiving  operator
characteristic)  curve  analysis,  calculating  the  area under the
curve  (AUC)  and  the standard  error  using  the nonparametric
method  described  by  Hanley  and  McNeil.

Logistic  regression  analysis  was  carried  out  to  estimate
the mortality  predicting  capacity  of  the different  biological
markers.  All those  clinical  and  laboratory  test parameters
found by  the univariate  analysis  to  be correlated  to  the
end  prognosis  (in-hospital  mortality)  were entered  in the
model  (p  < 0.15).  Adjustment  was  made  for  the following
covariables:  age,  gender,  immune  depression,  APACHE  II
score,  SOFA  score,  and  other  identified  possible  confounding
factors.

The  study  was  approved  by  the Ethics  Committee  of  the
center.  Given  the  observational  nature  of  the  study  and
the  fact  that  the  diagnostic  tests  involved  were  the  same
as  those  commonly  used in clinical  practice,  no  informed
consent  was  considered  necessary.

Results

Between  1  January  2009  and  31  December  2009,  a  total
of  122 patients  with  septic  shock  were  admitted  to  the
ICU  (Table  1).  Limitation  of  therapeutic  effort  was  applied
to  5  of  these  patients;  serial  determination  of  the mark-
ers  was  not made  in 26  subjects;  and  three  patients  died
in  under  72  h  after  admission  to  the  Unit.  All these  indi-
viduals  were excluded  from  the study,  leaving  a final
sample  of  88  patients,  of  which  54  (61%) were  males.
The  mean  age  was  64.8  ±  18.7  years,  with  an  APACHE  II
score  of  20.4  ±  6.2  and a  SOFA  score of  9.1  ±  3.1. Most
of the patients  (41%)  came  from  the Emergency  Depart-
ment,  29  (32.9%)  were  admitted  from  surgical  areas,  10
(11.3%)  from  medical  wards,  and  8 patients  (0.09%)  came
from  other  hospitals.  The  most  frequent  location  of  infec-
tion  was  intraabdominal  (36.6%),  followed  by  the  lungs
(31.6%)  and  urinary  tract  (15.9%).  The  values  correspond-
ing  to  PCT,  CRP  and leukocyte  count  upon  admission  to
the  ICU  were  13.2  (2.6---33.8)  ng/ml,  21.0  (10.9---27.9)  mg/dl
and  15.1  ±  10.2  × 103/mm3,  respectively.  The  in-hospital
mortality  rate  was  21.6%,  while  the mortality  rate  in the
ICU  was  17%.  The  patients  who  died had  more  frequent
associated  comorbidities  and  immune  depression  than  the
survivors,  higher  severity  scores,  and  more  often  required
mechanical  ventilation  and  renal  replacement  techniques
(Table  2).
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Table  1  Characteristics  of  the  study  population  and comparison  of  the  patients  showing  PCT clearance  versus  those  without
clearance.

Total
No.  = 88

PCT  clearance
No.  =  71

No  PCT clearance
No.  = 17

p

Characteristics
Age  (years)  64.8  ± 18.7  65.38  ± 18.2  62.9  ± 21.3  0.65
Male gender  n  (%)  56  (63.6)  44  (62.0)  12  (70.6)  0.58
SOFA admission  9.0  ±  3.0  8.9  ± 3.0  9.3  ± 3.2  0.71
SOFA 72  h  6.1  ±  3.6  5.5  ± 3.0  8.6  ± 4.7  0.01
APACHE II  score  20.4  ± 6.0  19.9  ±  5.7  22.8  ± 6.9  0.14
Comorbidities  n  (%) 74  (84.1) 60  (84.5) 14  (82.4) 1.00
Immune suppression  n  (%) 12  (13.6) 9  (12.7) 3  (17.6) 0.69
Mechanical  ventilation  n (%) 43  (53.8) 30  (46.2) 13  (86.7) <0.01
CVVHF n  (%) 10  (13.5)  5  (8.2)  5 (38.5)  0.01
SvcO2 (%)  69.4  ± 11.1  70.6  ±  9.2  64.4  ± 15.9  0.11
Lactate (mg/l)  31.7  ± 28.7  31.3  ±  28.8  33.7  ± 32.3  0.90

Infection site  n  (%) 0.27
Intraabdominal 34  (38.6) 27  (38.0)  7 (41.2)
Pneumonia 32  (36.4) 26  (36.6) 6  (35.3)
Urinary  tract 15  (17.0) 14  (19.7) 1  (5.9)
Skin/soft  tissues 4  (4.5) 2  (2.8) 2  (11.8)
Catheter  bacteremia 1  (1.1) 1  (1.4) 0  (0)
Other infections 1  (1.1) 0  (0) 1  (1.4)
Unknown 3  (1.1) 1  (1.4) 0

Outcome
Hospital  mortality  n  (%)  21  (23.9)  11  (15.5)  10  (58.8)  <0.01
ICU mortality  n  (%)  15  (17.0)  7  (9.9)  8 (47.1)  <0.01
Hospital stay  (days)  32.4  ± 13.3  30.8  ±  21.0  40.8  ± 65.2  0.02
ICU stay  (days)  11.5  ± 13.5  11.4  ±  14.3  11.7  ± 8.2  0.19

APACHE II, Acute Physiology and Chronic Health Evaluation score; CVVHF, continuous venous---venous hemodiafiltration; PCT, procalcitonin;
SOFA, Sepsis-related Organ Failure Assessment score; SvcO2, central venous oxygen saturation; ICU, Intensive Care Unit.

Table  2  Infection  marker  values  in the  study  population  and  comparison  between  survivors  and  deceased  patients  (in-hospital
mortality).

Markers Total
No.  =  88

Survivors
No.  =  69

Deceased
No.  = 19

p

Admission
PCT  13.2  (2.6---33.8)  12.9  (3.0---41.0)  13.5  (1.9---31.5)  0.60
CRP 21.0  (10.9---27.9)  21.6  (10.9---27.9)  17.9  (10.6---27.9)  0.85
Leukocytes  15.1  ± 10.2  15.8  ±  10.0  12.8  ± 11.1  0.24

72 h
PCT  4.4  (1.1---11.5)  2.2  (1.0---9.6)  20.0  (2.3---32.1)  <0.01
CRP 16.6  (10.8---25.1)  14.8  (9.6---21.1)  21.1  (12.1---27.0)  0.09
Leukocytes  14.4  ± 7.9  14.0  ±  6.7  15.6  ± 10.9  0.42

Clearance
PCT 61.6  (24.0---83.8)  73.9  (34.4---88.0)  14.3  (−130.3---59.6)  <0.01
CRP 14.3  (−21.6---43.2)  21.9  (−12.4---56.1)  5.4 (−62.1---14.3)  0.80
Leukocytes  9.9  (−70.8---40.0)  18.5  (−58.9---40.8)  −40.3  (−107.1---26.0)  0.75

CRP, C-reactive protein; PCT, procalcitonin.
Values of PCT in ng/ml, CRP in mg/dl, and leukocyte count in  103/mm3.  Values of  PCT, CRP and clearance expressed as median and
interquartile range (IQR). Leukocyte counts expressed as mean ±  standard deviation (SD).
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Table  3  Procalcitonin  values  according  to  the  presence  of  renal  dysfunction.

No renal  dysfunction
No.  = 37

Renal  dysfunction
No. =  51

p

PCT  values,  ng/mla

Admission  9.2  (1.6---21.5)  17.2  (4.9---43.0)  0.01
72 h  1.8  (0.4---9.5)  6.6  (1.6---25.1)  0.04
Clearance 53.7  (25.3---82.9)  65.9  (19.8---84.7)  0.89

PCT, procalcitonin.
a Data expressed as median and interquartile range (IQR).

None  of  the infection  markers  (PCT,  CRP  or  leukocyte
count)  proved  predictive  of  mortality  based  on  the single
determination  made  upon  admission  to  the  ICU.  However,
after  72  h,  the survivors  presented  significantly  lower  PCT
values  than  the deceased  patients  (Table  2).  Accordingly,
the  patients  with  a  decrease  in PCT  levels  showed  significan-
tly  lesser  mortality  compared  with  those  who  presented  an
increase  in  this marker  both  at hospital  level (15.4%  versus
58.8%;  p  < 0.01)  and in the  ICU  (9.8%  versus  47%,  p < 0.001).
Regarding  marker  clearance,  the patients  who  died  showed
significantly  lower  PCT  clearance  values  than  the  survivors.
None  of  these  effects  were  observed  in the case  of  CRP
or  leukocyte  count.  The  patients  with  renal  dysfunction

presented  significantly  higher  PCT  values  upon  admission
to  the ICU  and  after  72  h  than  the  patients  without  renal
failure.  However,  no  significant  differences  were observed
between  the two  populations  in  relation  to  PCT  clearance
(Table  3).

In  the ROC  curve  analysis,  the  best  area  under  the curve
corresponded  to  PCT  clearance  (0.79),  which  exceeded  that
corresponding  to  CRP  (0.64)  and  leukocyte  count  (0.60)
(Fig.  1). The  best cutoff  point  in  discriminating  hospital  sur-
vival  corresponded  to  a PCT  clearance  value of  70,  with  a
sensitivity  of  94.7%  and  a specificity  of  53%.

In the logistic  regression  analysis,  a descending  trend  in
PCT  was  identified  as  an independent  survival  marker  (OR:

Specificity 
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Figure  1  ROC  curve  analysis  of  the  precision  of  marker  clearance  in  the  discrimination  of  hospital  survival.
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0.10;  95%CI:  0.02---0.59;  p < 0.01),  after  adjusting  for  age,
gender,  immune  depression,  APACHE  II, SOFA,  the  need  for
mechanical  ventilation  and  renal  replacement  therapy.

Discussion

Procalcitonin  clearance  72  h  after  admission  to  the  ICU  was
found  to be  a better  prognostic  indicator  in  patients  with
septic  shock  than  a  single  PCT  determination  at the  time  of
admission.  A descending  trend  in  PCT  was  identified  as  an
independent  marker  of  hospital  survival.  In contrast,  vari-
ations  in  CRP  and  leukocyte  count  were  not  related  to  the
end  prognosis  in patients  of  this kind.

The  diagnostic  and  prognostic  reliability  of PCT  as  a
single  measurement  can  be  affected  by  different  factors.
Transient  elevations  in PCT  have been  described  in  surgi-
cal  patients,21 polytraumatized  patients22 and in patients
with  acute  respiratory  distress  syndrome  (ARDS),23 among
others----without  such an elevation  necessarily  being associ-
ated  to  an  infectious  process.  The  fact  that PCT  is  eliminated
at  least  in  part  through  the kidneys  means  that  the pres-
ence  of  renal  failure  can  also  affect  the results.20 Likewise,
despite  the  early  start  of PCT  release  in response  to  an
infectious  stimulus  (within  2---3  h),  determination  of  the
parameter  in very  early  stages  could  give  rise  to  false
negative  readings.  A number  of  studies  have shown  that
the  use  of  serial  determinations  increases  the  diagnostic
reliability  of PCT  and can even  guide us regarding  the
suitability  of  the treatment  provided.24---27 From  the prog-
nostic  perspective,  increases  in PCT  have  been  associated
to  an  increased  mortality  risk  in patients  with  community-
acquired  pneumonia,28 pneumonia  associated  to  mechanical
ventilation,29 and  in  polytraumatized  patients.30 Neverthe-
less,  knowledge  of  how  serial  determinations  of PCT  could
optimize  the prognostic  performance  of  this  marker  is lim-
ited,  particularly  as  refers  to  patients  with  severe  sepsis
and  septic  shock.  The  study  published  by  Claeys  et al.  is
the  only  article  exclusively  centered  on patients  of  this
kind.  It  found  that  while  single  PCT  determinations  during
the  first  5  days  of  treatment  were  unable  to  discriminate
between  survivors  and  deceased  patients,  a drop in PCT
concentration  in the  first  48  h  after  admission  to  the ICU
was  associated  to  a  twofold  greater  probability  of  survival.31

More  recently,  Charles  et  al.  and Karlsson  et  al. obtained
similar  results  in  patients  with  severe  sepsis  and septic
shock.25,32

These  findings  are consistent  with  those of  our own  study,
where  neither  PCT  upon  admission  nor  PCT  after 72  h  yielded
information  on  the survival  of  the  patients.  However,  a
decrease  in PCT  values  was  associated  to  a practically  four-
fold  greater  probability  of  survival.  Our  data  suggest that
those  patients  with  PCT  values  that  do not decrease  by
72  h  after  admission  to  the ICU  should  be  re-evaluated  in
order  to discard  the existence  of  some undiagnosed  infec-
tious  process  or  the use  of  an  incorrect  antibiotic  treatment
regimen,  among  other  factors.  Earlier  studies  that  have
found  a  good  correlation  between  PCT  increase  and  bac-
terial  burden,33 and  between  variations  in PCT  values  and
the  suitability  of  antibiotic  treatment,  would  support  this
idea.25

Regarding  the effect  of  renal  failure  upon  the  PCT  values,
in  our  study  the  patients  with  renal  failure  (according  to  the
criteria  of the 2001  consensus  conference1) showed  higher
PCT  levels  upon  admission  and again  after  72  h  than  those
who  did not  develop  renal  failure.  However,  on  evaluating
the clearance  of  the marker,  no  significant  differences  were
observed  between  the two  groups.  PCT  is  a  low  molecular
weight  protein  and  therefore  would  be  susceptible  to  elimi-
nation  through  the  kidneys.  This  would  explain  the  higher
PCT  levels  found  in the subgroups  of  patients  with  renal
failure  in  different  studies.20,32 However,  the existence  of
renal  dysfunction  does  not  affect  the half-life  of  PCT,  and  the
kinetics  of  the  latter  therefore  can  be used for  both  diagnos-
tic  and  prognostic  purposes34----this  consequently  speaking  in
favor  of the use  of  serial  determinations  rather  than  single
determinations.

Exceptions  aside,35,36 PCT  is  an earlier  and  more  specific
marker  of  infection  than  CRP  or  leukocyte  count.37,38 The
PCT  values  rise  faster  than  those  of  CRP  in  response  to  infec-
tion,  and  likewise  decrease  faster  as  infection  subsides.  In
the  present  study,  neither  isolated  PCT  measurements  (both
at baseline  and after  72  h) nor  the tendencies  of  the marker
were  predictors  of  survival.

Mention  must  be  made  of  the limitations  of our
study,  including  its  single-center  nature and relatively
small  sample  size.  This  fact,  and  the variability  of
the biomarkers  used,  can  affect  the reliability  and
validity  of the  results  obtained.  For this  reason  we  lim-
ited  the study  to  a  population  of  patients  with  septic
shock.

In  conclusion,  during the  first  72  h  of  septic  shock,  a
decrease  in PCT  was  more  often  recorded  among  the sur-
vivors  than  in those  who  died.  This  suggests  that the
serial  determination  of  PCT  could  offer  a better  predic-
tion  of patient  outcome  than  a single  quantification  of
the marker.  The  monitorization  of  PCT  in  clinical  prac-
tice  could  help  identify  those  patients  at increased  risk
of  death,  contributing  to  improve  their  treatment  and
perhaps  also  their  survival.  Further  studies  are evidently
needed  to  confirm  the findings  of our  work and  the  valid-
ity  of  the  postulated  superior  performance  of serial  PCT
measurements.
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JA, Gordo F, et al. Sepsis incidence and outcome: contrasting
the intensive care unit with the hospital ward. Crit Care Med.
2007;35:1284---9.

4. Nguyen HB, Corbett SW, Steele R, Banta J, Clark RT, Hayes
SR, et al. Implementation of  a  bundle of  quality indicators
for the early management of severe sepsis and septic shock is
associated with decreased mortality. Crit Care Med. 2007;35:
1105---12.

5. Shapiro NI, Howell MD, Talmor D,  Lahey D, Ngo L, Buras J,
et al. Implementation and outcomes of  the Multiple Urgent
Sepsis Therapies (MUST) protocol. Crit Care Med. 2006;34:
1025---32.

6. Trzeciak S, Dellinger RP,  Abate NL, Cowan RM, Stauss M, Kil-
gannon JH, et al. Translating research to clinical practice. A
1-year experience with implementing early goal-directed ther-
apy for septic shock in the emergency department. Chest.
2006;129:225---32.

7. Kortgen A, Niederprum P, Bauer M. Implementation of  an
evidence-based standard operating procedure and outcome in
septic shock. Crit Care Med. 2006;34:943---9.

8.  Ferrer R, Artigas A, Levy MM, Blanco J,  González-Díaz G,
Garnacho-Montero J, et al. Improvement in process of  care and
outcome after a multicenter severe sepsis educational program
in Spain. JAMA. 2008;299:2294---303.

9. El Solh AA, Akinnusi ME, Alsawalha LN, Pineda LA. Outcome of
septic shock in older adults after implementation of the sepsis
bundle. J Am Geriatr Soc. 2008;56:272---8.

10. Varpula M, Karlsson S, Parviainen I, Ruokonen E, Pet-
tilä V, Finnsepsis Study Group. Community-acquired sep-
tic shock: early management and outcome in a nation-
wide study in Finland. Acta Anaesthesiol Scand. 2007;51:
1320---6.

11. Micek ST, Roubinian N,  Heuring T,  Bode M,  Williams J, Har-
rison C, et al. Before-after study of  a standardized hospital
order set for the management of  septic shock. Crit Care Med.
2006;34:2707---13.

12. Castellanos-Ortega A, Suberviola B, García-Astudillo LA,
Holanda MS, Ortiz F, Llorca J,  et al. Impact of  the sur-
viving sepsis campaign protocols on  hospital length of stay
and mortality in septic shock patients: results of a 3-year
follow-up quasi-experimental study. Crit Care Med. 2010;38:
1036---43.

13. Garnacho-Montero J, García-Garmendia JL, Barrero-Almodovar
A, Jiménez-Jiménez FJ, Pérez-Paredes C, Ortiz-Leyba C. Impact
of adequate empirical antibiotic therapy on  the outcome of
patients admitted to the intensive care unit with sepsis. Crit
Care Med. 2003;31:2742---51.

14. Alberti C, Brun-Buisson C, Goodman SV, Guidici D, Granton J,
Moreno R,  et al. Influence of systemic inflammatory response
syndrome and sepsis on outcome of critically ill  infected
patients. Am J  Respir Crit Care Med. 2003;168:77---84.

15. Cohen J, Brun-Buisson C, Torres A, Jorgensen J. Diagnosis of
infection in sepsis: an evidence-based review. Crit Care Med.
2004;32:S466---94.

16. Christ-Crain M, Müller B. Procalcitonin in bacterial infections-
hype, hope, more or less? Swiss Med Wkly. 2005;135:
451---60.

17. Becker KL, Snider R, Nylen ES. Procalcitonin assay in systemic
inflammation, infection, and sepsis: clinical utility and limita-
tions. Crit Care Med. 2008;36:941---52.

18. Castelli GP, Pognani C, Cita M, Paladini R. Procalcitonin as a
prognostic and diagnostic tool for septic complications after
major trauma. Crit Care Med. 2009;37:1845---9.

19. Becker KL, Snider R, Nylen ES.  Procalcitonin in sepsis and sys-
temic inflammation: a harmful biomarker and a  therapeutic
target. Br J Pharmacol. 2010;159:253---64.

20. Amour J, Birenbaum A, Langeron O, Le Manach Y, Bertrand
M, Coriat P, et al. Influence of renal dysfunction on  the
accuracy of  procalcitonin for the diagnosis of  postopera-
tive infection after vascular surgery. Crit Care Med. 2008;36:
1147---54.

21. Meisner M, Tschaikowsky K, Hutzler A, Schick C, Schüt-
tler J. Postoperative plasma concentrations of  procalcitonin
after different types of  surgery. Intensive Care Med. 1998;24:
680---4.

22. Wanner Ga, Keel M, Steckholzer U, Beier W, Stocker R,  Ertel W.
Relationship between procalcitonin plasma levels and severity
of injury, sepsis, organ failure, and mortality in injured patients.
Crit Care Med. 2000;28:950---7.

23. Stiletto RJ, Baacke M, Gotzen L,  Lefering R, Renz H. Procalci-
tonin versus interleukin-6 levels in bronchoalveolar lavage fluids
of trauma victims with severe lung contusion. Crit Care Med.
2001;29:1690---3.

24. Charles PE, Kus E, Aho S, Prin S, Doise JM, Olsson NO, et  al.
Serum procalcitonin for the early recognition of nosocomial
infection in the critically ill  patients: a preliminary report. BMC
Infect Dis. 2009;22:49.

25. Charles PE, Tinel C, Barbar S, Aho S, Prin S, Doise JM, et  al.
Procalcitonin kinetics within the first days of sepsis: relationship
with the appropriateness of  antibiotic therapy and the outcome.
Crit Care. 2009;13:R38.
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