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Abstract
Objective:  To  evaluate  the  prognostic  performance  of  the  Pediatric  Index  of  Mortality  2  (PIM2),
ferritin, lactate,  C-reactive  protein  (CRP),  and  leukocytes,  alone  and  in  combination,  in  pedi-
atric patients  with  sepsis  admitted  to  the  pediatric  intensive  care  unit  (PICU).
Methods:  A  retrospective  study  was  conducted  in  a  PICU  in  Brazil.  All  patients  aged  6  months  to
18 years  admitted  with  a  diagnosis  of  sepsis  were  eligible  for  inclusion.  Those  with  ferritin  and
C-reactive  protein  measured  within  48  h  and  lactate  and  leukocytes  within  24  h  of  admission
were included  in  the  prognostic  performance  analysis.
Results:  Of  350  eligible  patients  with  sepsis,  294  had  undergone  all  measurements  required  for
analysis and  were  included  in  the  study.  PIM2,  ferritin,  lactate,  and  CRP  had  good  discriminatory
power for  mortality,  with  PIM2  and  ferritin  being  superior  to  CRP.  The  cutoff  values  for  PIM2  (>

14%), ferritin  (>  135  ng/mL),  lactate  (>  1.7  mmol/L),  and  CRP  (>  6.7  mg/mL)  were  associated
with mortality.  The  combination  of  ferritin,  lactate,  and  CRP  had  a  positive  predictive  value
of 43%  for  mortality,  similar  to  that  of  PIM2  alone  (38.6%).  The  combined  use  of  the  three
biomarkers  plus  PIM2  increased  the  positive  predictive  value  to  76%  and  accuracy  to  0.945.
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C.T.  Tonial,  C.A.  Costa,  G.R.  Andrades  et  al.

Conclusions:  PIM2,  ferritin,  lactate,  and  CRP  alone  showed  good  prognostic  performance  for
mortality in  pediatric  patients  older  than  6  months  with  sepsis.  When  combined,  they  were
able to  predict  death  in  three-fourths  of  the  patients  with  sepsis.  Total  leukocyte  count  was
not useful  as  a  prognostic  marker.
©  2020  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  This  is  an  open
access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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epsis  remains  a  major  cause  of  mortality  in  low-  and
iddle-income  countries.1 Good  practice  recommends  early

ecognition  of  sepsis,  with  airway  stabilization,  crystalloid
uid  resuscitation,  and  antibiotic  administration  within  the
rst  hour  of  presentation;  other  first-hour  recommendations

nclude  vasoactive  drug  infusion  in  cases  of  poor  response
o  initial  fluid  infusion.2 Especially  in  these  cases,  clinical
xamination  alone  is  insufficient  to  differentiate  patients  at
ncreased  risk  of  death  within  the  multiple  phenotypes  of
epsis.

Prognostic  scores  and  biomarkers  are  commonly  used  in
atients  admitted  to  intensive  care  units  to  direct  resources,
o  suggest  a  more  rigorous  monitoring,  or  to  predict  the
isk  of  early  deterioration.  The  Pediatric  Index  of  Mortal-
ty  2  (PIM2)  is  a  widely  used  prognostic  score  that  has
een  properly  validated  in  the  pediatric  population.3,4 By
eans  of  ten  clinical  and  laboratory  variables,  PIM2  pro-

ides  a  percentage  result  that  indicates  the  probability  of
eath.  Other  laboratory  tests  that  are  not  part  of  the  PIM2
ormula  have  also  been  studied  as  prognostic  biomarkers,
hether  alone  or  in  combination.5---9 Biomarkers  such  as  lac-

ate,  ferritin,  C-reactive  protein  (CRP),  and  leukocytes  have
ttracted  attention  for  being  inexpensive,  widely-available
ests  already  used  for  other  purposes  in  patients  admitted
o  pediatric  intensive  care  units  (PICUs)  in  low-  and  middle-
ncome  countries.  However,  they  have  never  been  evaluated
ogether  for  the  purpose  of  estimating  the  risk  of  death  in
ediatric  patients  with  sepsis.

The  main  objective  of  this  study  was  to  evaluate  the
rognostic  performance  of  PIM2,  ferritin,  lactate,  CRP,  and
eukocytes  in  patients  with  sepsis  admitted  to  the  PICU  in  a
iddle-income  country.  The  authors  also  evaluated  whether

 combination  of  these  prognostic  markers  would  improve
he  ability  to  predict  in-hospital  mortality.

ethods

his  retrospective  study  was  conducted  in  the  PICU  of  Hospi-
al  São  Lucas,  a  tertiary  care  hospital  affiliated  with  School
f  Medicine,  Pontifical  Catholic  University  of  Rio  Grande  do
ul  (PUCRS),  Porto  Alegre,  Brazil.  The  study  was  approved  by
he  research  ethics  committee  of  the  institution  (approval
o.  04621518.0.0000.5336).  The  study  setting  was  a  12-
ed  medical-surgical  PICU  providing  care  to  patients  aged

 month  to  18  years.  Hospital  São  Lucas  is  a  private  hospi-

al  linked  to  the  Brazilian  Unified  Health  System  (Sistema
nico  de  Saúde  [SUS]),  and  approximately  70%  of  patients
re  admitted  through  this  system,  with  a  mean  of  400  PICU
dmissions  per  year.  The  SUS  provides  coverage  for  the
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ntire  population  of  the  country,  but  is  mainly  used  by  low-
ncome  families.  Many  patients  are  admitted  through  the
ospital’s  emergency  department,  which  has  eight  observa-
ion  beds.  The  hospital  also  has  a  medical  residency  program
n  Pediatrics  and  Pediatric  Intensive  Care  Medicine,  in  addi-
ion  to  master’s  and  doctoral  programs  in  Pediatrics  and
hild  Health.

All  patients  aged  6  months  to  18  years  admitted  to  the
ICU  between  July  2013  and  January  2017  with  a  diagnosis  of
epsis  made  24  h before  or  immediately  after  admission  were
ncluded  in  the  study.  To  define  sepsis,  the  authors  reviewed
he  patients’  medical  and  nursing  records,  vital  signs,  and
aboratory  test  results  in  electronic  medical  records,  using
he  2005  classification  of  Goldstein  et  al.10 In  this  classifica-
ion,  sepsis  is  characterized  by  the  presence  of  two  or  more
riteria  for  systemic  inflammatory  response  syndrome  (SIRS)
body  temperature  >  38.5 ◦C  or  <  36 ◦C,  tachycardia,  tachyp-
ea,  leukocytosis,  leukopenia,  or  >  10%  immature  forms
or  age),  one  of  which  must  be  abnormal  temperature  or
eukocyte  count,  associated  with  suspected  or  proven  infec-
ion.  Severe  sepsis  was  defined  as  sepsis  associated  with
ardiovascular  organ  dysfunction  or  acute  respiratory  dis-
ress  syndrome,  or  two  or  more  other  organ  dysfunctions.
eptic  shock  was  defined  as  sepsis  and  cardiovascular  organ
ysfunction.  This  study  only  included  patients  older  than  6
onths  because  ferritin  levels  are  influenced  by  maternal

tores  and  by  the  switch  from  fetal  to  adult  hemoglobin  in
he  first  6  months  of  life.  Exclusion  criteria  were  congenital
isorders  of  iron  metabolism,  liver  disorders,  and  immuno-
uppression  that  could  interfere  with  ferritin,  lactate,  CRP,
nd  leukocyte  levels;  length  of  PICU  stay  <  8  h;  and  admission
or  terminal  palliative  care.

Patients  who  had  ferritin  and  CRP  measured  within  48  h,
nd  lactate  and  leukocytes  within  24  h  of  admission  to  the
ICU  were  considered  for  the  prognostic  performance  anal-
sis.  When  patients  had  more  than  one  measurement,  the
ne  with  the  highest  level  was  included  in  the  analysis.  This
trategy  was  used  because  the  authors  believe  that  these
evels  may  take  some  time  to  rise  after  the  inflammatory
nsult.  All  measurements  were  performed  as  a  routine  prac-
ice  for  septic  patients  in  the  unit.

The  following  data  were  collected  for  all  patients
ncluded  in  the  study:  demographic  characteristics,  such
s  age,  sex,  weight,  type  of  patient  (medical  or  surgical),
ody  mass  index  (BMI)  Z-score,  PIM2,3 and  PICU  readmission
ithin  72  h of  discharge;  laboratory  tests,  such  as  ferritin,
RP,  lactate,  and  complete  blood  count;  clinical  charac-
eristics  and  outcomes,  such  as  definition  of  severe  sepsis

nd  septic  shock,  presence  and  type  of  the  identified  etio-
ogic  agent,  primary  site  of  infection,  length  of  hospital  and
ICU  stay,  need  for  blood  transfusion,  need  for  mechanical
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Figure  1  Mortality  ROC  curves  for  prognostic  markers  analyzed  in  the  sample.  The  numbers  in  the  table  indicate  p-values  for
comparisons  between  curves  (ROC  curves  were  compared  using  the  method  of  DeLong  et  al.13)  Area  under  the  curve  (AUC)  values:
PIM2 AUC  0.815  (95%  CI  0.766---0.858);  Ferritin  AUC  0.785  (95%  CI  0.733---0.830);  Lactate  AUC  0.762  (95%  CI  0.709---0.810);  CRP  AUC
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.648 (95%  CI  0.590---0.702);  Leukocytes  AUC  0.508  (95%  CI  0.45
IM2, Pediatric  Index  of  Mortality  2;  CRP,  C-reactive  protein.

entilation  and  vasoactive  drugs,  ventilator-free  days  and
asoactive  drug-free  days  calculated  according  to  Schoen-
eld  et  al.,11 presence  of  a  complicated  course  (defined  as
eed  for  mechanical  ventilation,  vasoactive  drug  use,  or
resence  of  two  organ  dysfunctions  on  day  seven  of  PICU
dmission,  based  on  the  criteria  of  Goldstein  et  al.,10 or
eath),  anemia  (defined  as  hemoglobin  <  11  g/dL),  iron-
eficiency  anemia  (defined  as  hemoglobin  <  11  g/dL  and
ean  corpuscular  volume  <  80  fL),  presence  of  complex

hronic  condition  according  to  Feudtner  et  al.,12 and  death.
For  statistical  analysis,  categorical  variables  were

xpressed  as  number  and  percentage  and  analyzed  by
isher’s  exact  test  or  Pearson’s  chi-squared  test.  Bonferroni
orrection  was  applied  for  comparisons  of  more  than  two
roups.  Continuous  variables  were  expressed  as  median  and
nterquartile  range  (IQR)  and  analyzed  by  the  nonparametric
ann-Whitney  U  test  The  five  test  variables  (PIM2,  fer-

itin,  lactate,  CRP,  and  leukocytes)  were  Log10-transformed,
nd  it  was  decided  to  use  only  ferritin  in  logarithmic  form
ecause  of  the  resultant  log-rank  and  p-values.  Because  this

s  a  prediction  and  association  study,  it  was  also  decided
o  perform  only  univariate  analysis  by  testing  the  variables
ne  by  one,  making  no  attempt  to  define  causality.  Sensi-
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28
567).

ivity,  specificity,  accuracy  (proportion  of  all  correct  tests
o  the  total  number  of  results  obtained),  positive  predic-
ive  value,  negative  predictive  value,  and  positive  likelihood
atio  were  calculated  to  determine  the  prognostic  accuracy
f  the  five  variables  for  mortality.  Areas  under  the  receiver
perating  characteristic  (ROC)  curve  were  calculated  and
ompared  using  the  method  of  DeLong  et  al.13 Cutoff  val-
es  for  the  five  variables  were  determined  by  Youden’s
ndex.14 Kaplan-Meier  survival  curves  were  generated  taking
nto  account  death  or  hospital  discharge.  Different  combina-
ions  between  the  five  variables  were  tested  to  achieve  the
est  prognostic  performance.  A  p-value  <  0.05  was  consid-
red  significant  for  all  analyses.  Data  analysis  was  performed
n  SPSS,  v.  17.0  (IBM  SPSS  Statistics  ---  Armonk,  NY,  United
tates)  and  MedCalc,  v.  15.8  (MedCalc  Software  BVBA  ---
stend,  Belgium).

esults
f  1407  patients  admitted  during  the  study  period,  552
ere  diagnosed  with  sepsis  and  350  patients  older  than  6
onths  with  sepsis  were  eligible  for  inclusion.  Of  these,

94  had  undergone  all  measurements  required  for  the  anal-
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Table  1  Comparison  of  clinical  and  demographic  characteristics  and  outcomes  between  patients  with  and  without  measure-
ments of  four  prognostic  markers.

Characteristic  Without  all
measurements  (n  =  56)

With  all  measurements
(n =  294)

p-value

Male,  n  (%)  35  (62.5)  161  (54.8)  0.285
Age, md  (IQR)  23.1  (13.8−47.6)  27.5  (11.5---78.6)  0.480
Age <  24  months,  n  (%)  29  (51.8)  142  (48.3)  0.632
Weight in  grams,  md  (IQR)  10,870  (8108−16,000)  12,000  (8500---20,000)  0.201
BMI Z-score,  md  (IQR)  −0.1150  (-1.2775  ---

+1.1750)
−0.1150  (-1.3300  ---
+1.0950)

0.942

Anemia Hb  <  11  g/dL,  n  (%) 34  (64.2)  205  (69.7)  0.420
Iron-deficiency  anemia  Hb  <  11  g/dL  and  MCV  <  80  fL,  n  (%) 16  (30.2) 120  (40.8) 0.145
Transfusion  before  admission,  n  (%) 0  (0) 1  (0.3) —
Medical patient,  n  (%)  53  (94.6)  257  (87.4)  0.119
Readmission  <  72  h,  n  (%)  5  (8.9)  6  (2)  0.019a

PIM2,  md  (IQR)  0.0490  (0.0069---0.1297)  0.02130  (0.0109---0.0717)  0.309
Presence of  complex  chronic  condition,  n  (%)  35  (62.5)  123  (41.8)  0.004a

Length  of  hospital  stay  in  days,  md  (IQR) 13.5  (8---25)  16  (9---26.2)  0.169
Length of  PICU  stay  in  days,  md  (IQR) 4.5  (2---13)  8  (3---13)  0.058
Need for  MV  during  hospitalization,  n  (%) 32  (57.1) 180  (61.2)  0.567
MV-free days,  md  (IQR) 24.5  (16.2---28)  23  (18.7---28)  0.703
Need for  vasoactive  drugs  during  hospitalization,  n  (%) 16  (28.6) 150  (51)  0.002a

Vasoactive  drug-free  days,  md  (IQR) 28  (24---28)  27  (22---28)  0.087
Highest ferritin  at  48  h  in  ng/mL,  md  (IQR) 178.5  (94.5---268.5) 149.5  (81.7---377.2)  0.890
Highest CRP  at  48  h  in  ng/mL,  md  (IQR) 4.2  (2.4---14.6) 8.9  (3.8---23.3) 0.005b

Highest  leukocyte  at  24  h  in  mcL,  md  (IQR) 14,100  (9,750−20,615) 15,170  (9165---20,962) 0.812
Highest lactate  at  24  h  in  mmol/L,  md  (IQR) 1  (0.8−0.53) 1.2  (0.9−1.9) 0.445
Complicated  course  on  D7  of  admission,  n  (%) 23  (41.1) 122  (41.5) 0.953
Etiologic agent  confirmed,  n  (%) 33  (58.9) 159  (54.1) 0.504
Sepsis 33  (58.9)  131  (44.6)  0.125
Severe sepsis  6  (10.7)  34  (11.6)
Septic shock  (according  to  Goldstein  2005),  n  (%)  17  (30.4)  129  (43.9)
Death, n  (%)  9  (16.1)  25  (8.5)  0.080

md (IQR), median (interquartile range); BMI, body mass index; PIM2, Pediatric Index of Mortality 2; PICU, pediatric intensive care unit;
MV, mechanical ventilation; D7, day seven of admission; Hb, hemoglobin; MCV, mean corpuscular volume; CRP, C-reactive protein.

y
e
1
e
s
g
w
i

a
s
T
C
f
r
i
P
r
0
c

c
N
a
h
s
b
r
a
e
9
1
1

l
m
T
p

a Chi-squared test or Fisher’s exact test.
b Nonparametric Mann-Whitney U test

sis  of  prognostic  markers  and  were  included.  Among  the  56
xcluded  patients,  ferritin  was  not  measured  in  38,  CRP  in
9,  lactate  in  18,  and  leukocytes  in  three.  No  patient  was
xcluded  due  to  immunosuppression  that  interfered  with  the
tudied  biomarkers.  Table  1  shows  the  clinical  and  demo-
raphic  characteristics  and  outcomes  of  patients  with  and
ithout  measurements  of  all  four  prognostic  biomarkers  dur-

ng  PICU  stay.
ROC  curve  analysis  showed  that  PIM2,  ferritin,  lactate,

nd  CRP  had  good  discriminatory  power  for  mortality  in  the
tudy  sample.  Leukocytes  were  not  useful  for  this  purpose.
he  ROC  curves  for  PIM2,  ferritin,  and  lactate  were  similar.
RP,  however,  showed  poorer  performance  than  PIM2  and
erritin.  Fig.  1  shows  a  comparison  of  ROC  curves  and  the
espective  p-values  for  each  cross-tabulation.  In  descend-
ng  order,  area  under  the  curve  (AUC)  values  are  as  follows:
IM2  0.815  (95%  confidence  interval  [CI]  0.766---0.858);  fer-
itin  0.785  (95%  CI  0.733---0.830);  lactate  0.762  (95%  CI

.709---0.810);  CRP  0.648  (95%  CI  0.590---0.702);  and  leuko-
ytes  0.508  (95%  CI  0.450---0.567).

a
p
a

29
The  clinical  and  demographic  characteristics  and  out-
omes  of  survivors  vs.  non-survivors  are  shown  in  Table  2.
on-survivors  were  older  and  had  more  severe  sepsis  on
dmission  (represented  by  PIM2  score),  in  addition  to  a
igher  prevalence  of  complex  chronic  conditions  and  greater
uspicion  of  fungal  infections.  Regarding  the  four  prognostic
iomarkers  under  analysis,  the  two  groups  differed  in  fer-
itin,  lactate,  and  CRP  levels.  Univariate  logistic  regression
nalysis  showed  an  association  of  these  three  biomark-
rs  with  mortality:  Log10 ferritin  (p  <  0.001,  Exp(B)  5.075;
5%  CI  2.536---10.155);  CRP  (p  =  0.029,  Exp(B)  1.033;  95%  CI
.003---1.063);  and  lactate  (p  <  0.001,  Exp(B)  1.487;  95%  CI
.217---1.817).

The  cutoff  values  for  PIM2  (>  14%),  ferritin  (>  135  ng/mL),
actate  (>  1.7  mmol/L),  and  CRP  (>  6.7  mg/mL),  as  deter-
ined  by  Youden’s  index,  were  associated  with  mortality.
he  combination  of  ferritin,  lactate,  and  CRP  had  a  positive
redictive  value  of  43%  for  mortality,  similar  to  that  of  PIM2

lone  (38.6%).  The  combined  use  of  the  three  biomarkers
lus  PIM2  increased  the  positive  predictive  value  to  76%  and
ccuracy  to  0.945.  The  cutoff  values  and  prognostic  perfor-
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Table  2  Comparison  of  clinical  and  demographic  characteristics  and  outcomes  of  survivors  vs.  non-survivors.

Characteristic  Survivors  (n  =  269)  Non-survivors
(n  =  25)

p-value

Male,  n  (%)  148  (55)  13  (52)  0.772
Age, md  (IQR)  24  (11.3---69)  56  (16.6---126.8)  0.011c

Age  <  24  months,  n  (%)  134  (49.8)  8  (32)  0.088
Weight in  grams,  md  (IQR)  11,900

(8500−20,000)
16,000
(12,250---24,800)

0.042c

BMI  Z-score,  md  (IQR)  −0.1100  (-1.2600
--- +1.1100)

−0.8900  (-2.0850
--- +0.8450)

0.320

Anemia Hb  <  11  g/dL,  n  (%) 189  (70.3) 16  (64) 0.515
Iron-deficiency  anemia  Hb  <  11  g/dL  and  MCV  <  80  fL,  n  (%) 114  (42.4) 6  (24) 0.074
Medical patient,  n  (%)  233  (86.6)  24  (96)  0.338
Presence of  complex  chronic  condition,  n  (%)  105  (39)  18  (72)  0.001d

PIM2,  md  (IQR)  0.0200
(0.0092---0.0640)

0.2710
(0.0277---0.4704)

0.001c

Primary  site  of  infection,  n  (%)
- Respiratory  tract 182  (67.7)a 14  (56)a

-  Abdomen 31  (11.5)a 2  (8)a

-  Urinary  tract 10  (3.7)a 0a

-  CNS 24  (8.9)a 6  (24)b

-  Catheter-associated  bloodstream  7  (2.6)a 2  (8)a

-  Soft  tissues  7  (2.6)a 0a

-  Mixed  4  (1.5)a 0a

-  Other  4  (1.5)a 1  (4)a 0.148
Suspected viral  etiology,  n  (%)  119  (44.2)  5  (20)  0.020d

Suspected  bacterial  etiology,  n  (%)  256  (95.2)  25  (100)  0.612
Suspected fungal  etiology,  n  (%)  10  (3.7)  6  (24)  0.001d

Confirmed  etiologic  agent  of  any  etiology,  n  (%)  142  (52.8)  17  (68)  0.144
Presence of  reinfection,  n  (%)  14  (5.2)  4  (16)  0.055
Length of  PICU  stay  in  days,  md  (IQR)  8  (4---13)  4  (2---14.5)  0.133
Length of  hospital  stay  in  days,  md  (IQR)  16  (10---28.5)  5  (1---14.5)  0.001c

Need  for  MV  during  hospitalization,  n  (%)  155  (57.6)  25  (100)  0.001d

Duration  of  MV  in  days,  md  (IQR)  7  (4---11)  4  (1.5---10.5)  0.123
Need for  vasoactive  drugs  during  hospitalization,  n  (%)  127  (47.2)  23  (92)  0.001d

Duration  of  vasoactive  drug  use  in  days,  md  (IQR)  5  (2---8)  3  (1---9)  0.518
Highest ferritin  at  48  h  in  ng/mL,  md  (IQR)  138  (78---296)  607  (217---1251)  0.001c

Highest  CRP  at  48  h  in  ng/mL,  md  (IQR)  8.4  (3.6---23)  19.6  (7.8---33.5)  0.014c

Highest  leukocyte  at  24  h  in  mcL,  md  (IQR)  14,970
(9335---20,875)

19,050
(7115---21,085)

0.890

Highest  lactate  at  24  h  in  mmol/L,  md  (IQR)  1.1  (0.85---1.80)  2.1  (1.6---4.85)  0.001c

Readmission  <  72  h,  n  (%)  6  (2.2)  0  (0)  —
Complicated  course  on  D7  of  admission,  n  (%)  97  (36.1)  25  (100)  0.001d

-  death,  n  (%)  0  25  (100)  —
- MV  on  D7,  n  (%) 92  (34.2)  11  (44)  0.326
- Vasoactive  drugs  on  D7,  n  (%)  50  (18.6)  9  (36)  0.038d

-  Two  organ  dysfunctions  on  D7,  n  (%)  34  (12.6)  10  (40)  0.001d

Sepsis  129  (48)a 2  (8)b 0.001d

Severe  sepsis  31  (11.5)a 3  (12)a

Septic  shock  (according  to  Goldstein  2005),  n  (%)  109  (40.5)a 20  (80)b

md (IQR), median (interquartile range); BMI, body mass index; PIM2, Pediatric Index of Mortality 2; PICU, pediatric intensive care unit;
MV, mechanical ventilation; D7, day seven of admission; Hb, hemoglobin; MCV, mean corpuscular volume; CNS, central nervous system;
CRP, C-reactive protein.
a,bSame superscript letters indicate no difference between the groups.
cNonparametric Mann-Whitney U test.
dChi-squared test or Fisher’s exact test.
29
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Table  3  Cutoff  values  and  diagnostic  approach  of  PIM2,  prognostic  biomarkers,  and  their  combinations.

Variable  p-value  for
mortality

Youden’s  index  Sensit  Specif  Accuracy  PPV  NPV  LR+

PIM2  (>  14%) <  0.001 0.579  0.680  0.899  0.880  0.386  0.968  6.774
Ferritin (>  135  ng/mL)  <  0.001  0.450  0.960  0.490  0.530  0.149  0.992  1.884
Lactate (>  1.7  mmol/L)  <  0.001  0.503  0.760  0.743  0.744  0.215  0.970  2.962
CRP (>  6.7  mg/mL)  0.010  0.278  0.840  0.438  0.472  0.122  0.967  1.496
Ferritin (>  135  ng/mL)  +  CRP

(> 6.7  mg/mL)
<  0.001  0.468  0.840  0.628  0.646  0.173  0.976  2.259

Ferritin (>  135  ng/mL)  +  CRP
(> 6.7  mg/mL)  +  Lactate
(> 1.7  mmol/L)

<  0.001  0.598  0.680  0.918  0.897  0.435  0.968  8.314

PIM2 (>  14%)  +  Ferritin  (>
135  ng/mL)  +  CRP  (>
6.7  mg/mL)  +  Lactate  (>
1.7  mmol/L)

<  0.001 0.505  0.520  0.985  0.945  0.764  0.956  34.969

Note: Cutoff values used in this table, PIM2 > PIM2, Pediatric Index of Mortality 2; CRP, C-reactive protein; PPV, positive predictive value;
racy,
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NPV, negative predictive value; LR+: positive likelihood ratio; Accu
to the total number of results obtained.

ance  for  mortality  and  the  Kaplan-Meier  survival  curves
f  PIM2  and  the  three  biomarkers,  alone  and  in  combina-
ion,  are  shown  in  Table  3  and  in  Supplementary  material  1,
espectively.

iscussion

his  study  demonstrated  good  prognostic  performance  for
ortality  using  PIM2,  ferritin,  lactate,  and  CRP  in  pediatric
atients  older  than  6  months  with  sepsis,  in  a  middle-income
etting  with  a  high  prevalence  of  iron-deficiency  anemia.
hen  compared  to  each  other,  ferritin  and  lactate  were  sim-

lar  to  PIM2,  while  CRP  was  slightly  inferior.  Leukocyte  count
as  unable  to  discriminate  patients  at  risk  of  death.  Based
n  cutoff  values  determined  by  Youden’s  index,  the  combi-
ation  of  ferritin,  lactate,  and  CRP  was  able  to  predict  death
n  approximately  43%  of  patients,  and  this  rate  increased  to
6%  when  PIM2  was  added  to  the  combination.  This  is  the
rst  study  to  analyze,  in  this  population  profile,  these  five
ariables  widely  available  in  PICUs.

The  use  of  ferritin  as  a  prognostic  marker  is  not  a  novel
oncept.  The  present  group  has  been  studying  this  biomarker
ince  2007,  an  independent  association  of  ferritin  with  mor-
ality  in  pediatric  patients  was  described.6 Its  combined  use
ith  CRP  has  been  investigated  in  PICUs,  mainly  because
oth  are  inexpensive,  widely-available  tests  already  used
or  other  purposes  in  hospitals  in  low-  and  middle-income
ountries.  Examples  of  such  uses  include  ferritin  for  the
iagnosis  of  iron-deficiency  anemia  and  CRP  as  a  comple-
entary  tool  in  the  diagnosis  of  bacterial  infection  and  as

 marker  of  therapeutic  response  in  sepsis.15,16 In  a  recent
tudy,  Horvat  et  al.  reported  an  association  of  these  two
ests  with  mortality  in  a  relevant  sample  of  patients  admit-
ed  to  a  general  PICU.8 In  their  study,  the  combined  use  of
aximum  ferritin  with  CRP  during  hospitalization  was  able
o  predict  death  in  21.7%  of  patients,  a  finding  similar  to  that
f  the  present  study.(17.3%)  However,  the  major  difference
as  the  cutoff  value  for  ferritin  (373  ng/mL  vs.  135  ng/mL).

 possible  explanation  for  this  may  be  the  high  prevalence

C
l
s

29
 proportion of all correct tests (true positives and true negatives)

f  iron-deficiency  anemia  in  this  sample  (40.8%).  This  indi-
ates  that  caution  must  be  exercised  when  extrapolating
hese  cutoff  values,  especially  to  populations  with  unknown
revalence  of  iron-deficiency  anemia.

Unlike  in  adults  where  lactate  is  used  for  the  diagnosis
f  sepsis,  in  children  it  has  a  well-defined  role  as  a  prognos-
ic  marker.5,17,18 This  occurs  because  most  pediatric  patients
ith  sepsis  and  septic  shock  have  admission-lactate  lev-
ls  within  the  normal  range,  rendering  lactate  useless  for
iagnosis.19 Both  lactate  and  ferritin  in  the  present  cohort
howed  good  performance  in  discriminating  patients  at  risk
f  death,  comparable  to  that  of  PIM2.  To  the  best  of  the
uthors’  knowledge,  this  is  the  first  study  to  compare  these
wo  biomarkers  for  this  purpose.  Lactate  combined  with
RP  and  ferritin  could  predict  death  in  almost  half  of  the
atients,  a  performance  similar  to  that  of  PIM2  alone  (43.5%
s.  38.6%).

Mortality  risk  scores  provide  valuable  tools  to  compar-
tively  assess  quality-of-care  standards  between  different
ntensive  care  units  or  to  examine  changes  over  time  within
he  same  unit.  One  of  the  most  widely  used  mortality  risk
cores  is  PIM2.3 Its  use  to  estimate  mortality  in  an  individual
atient  is  limited,  since  this  score  is  intended  to  calculate
ortality  prediction  in  large  populations  with  wide  variabil-

ty  in  number  of  cases  and  disease  severity.  When  applied
o  the  present  cohort,  which  included  only  patients  with
epsis,  PIM2  showed  good  performance.  The  rationale  of
he  use  of  PIM2  as  an  individual  prognostic  marker  with  a
efined  cutoff  point  is  that,  by  being  calculated  at  the  time
f  PICU  admission  and  ideally  from  data  collected  within  the
rst  hour  of  presentation,  in  addition  to  being  widely  used
orldwide,  this  score  could  assume  an  additional  role:  early
rediction  of  patients  at  risk  of  deterioration  or  death.  Its
se  in  combination  with  three  biomarkers  predicted  death
n  three-fourths  of  the  patients.  It  is  believed  that  this
ype  of  analysis  will  serve  to  allow  ferritin,  lactate,  and

RP  to  be  incorporated  in  the  near  future  into  the  calcu-

ation  of  an  updated  PIM  score  or  even  of  other  prognostic
cores.
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This  study  provides  some  practical  contributions,  includ-
ng  indication  of  good  performance,  in  the  same  population
nd  same  time  frame,  of  four  prognostic  biomarkers  of  inter-
st  that  are  inexpensive  and  already  widely  used  for  other
urposes  in  PICUs.  In  addition,  low  ferritin  levels  were  found
o  be  associated  with  mortality  in  a  setting  with  high  preva-
ence  of  iron-deficiency  anemia.  Ghosh  et  al.  have  already
ointed  to  the  need  to  review  the  threshold  level  for  hyper-
erritinemic  sepsis  in  this  population.20 Another  important
oint  was  the  assertion  of  the  uselessness  of  leukocyte
ount  as  a  prognostic  marker  in  pediatric  sepsis.  There  is  no
onsensus  on  the  use  of  leukocytes  as  a  prognostic  marker.
nlike  in  previous  studies  where  a  higher  or  lower  leukocyte
ount  has  been  associated  with  mortality,  in  the  present
tudy  such  an  association  was  not  observed.21,22 A  possi-
le  explanation  is  that  leukocytes  are  altered  by  the  use  of
edications  or  by  other  medical  conditions  in  patients  with

epsis,  such  as  corticosteroid  use  and  recent  chemotherapy,
hich  could  influence  the  results  in  these  cohorts.

This  study  has  some  limitations  that  need  to  be
ddressed.  First,  patients  older  than  6  months  were  ana-
yzed.  This  age  group  was  chosen  because  their  ferritin
evels  are  no  longer  influenced  by  maternal  stores  or  by
he  switch  from  fetal  to  adult  hemoglobin.  Second,  16%  of
atients  with  sepsis  in  this  cohort  had  not  undergone  all
easurements  required  for  analysis.  This  group  had  a  higher
revalence  of  complex  chronic  conditions  and  readmission
ates,  and  lower  use  of  vasoactive  drugs.  This  may  reflect  a
uboptimal  practice  in  this  profile  of  chronic  patients.  Third,
his  study  was  conducted  at  a  single  center  and  the  cutoff
oints  in  our  sample  were  determined  by  Youden’s  index.
his  is  one  of  the  possible  methods  for  obtaining  cutoff
oints  and  may  not  be  ideal  for  all  clinical  situations.  Finally,
ests  performed  only  at  the  time  of  PICU  admission  were
nalyzed.  The  reason  for  this  was  that  the  authors  aimed
o  identify  early  prognostic  markers,  which  could  be  highly
seful  in  low-resource  settings  where  human  or  financial
esources  are  prioritized.

onclusion

IM2,  ferritin,  lactate,  and  CRP  alone  showed  good  prog-
ostic  performance  for  mortality  in  pediatric  patients  older
han  6  months  with  sepsis.  When  combined  (at  the  fol-
owing  cutoff  values:  PIM2  >  14%,  ferritin  >  135  ng/mL,
RP  > 6.7  mg/mL,  and  lactate  >  1.7  mmol/L),  they  were  able
o  predict  death  in  three-fourths  of  the  patients  with  sepsis.
otal  leukocyte  count  was  not  useful  as  a  prognostic  marker.
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