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Abstract
Background:  The  anti-inflammatory  effect  of  high-dose  inhaled  corticosteroids  (ICS)  in  children
with asthma  exacerbation  is  unknown.  We  aimed  to  investigate  the  efficacy  of  single-high  dose
ICS versus  oral  prednisone  treatment  followed  by  a  course  of  six  day  high-dose  ICS  or  oral  pred-
nisone (P)  treatment  on  the  concentrations  of  Cys-LTs  and  8-isoprostane  levels  in  the  exhaled
breath condensate  (EBC)  of  children  with  asthma  exacerbation.
Methods:  Ninety-four  children  with  moderate---severe  asthma  exacerbation  were  evaluated
with asthma  scores,  peak  expiratory  flow  rate  (PEF),  forced  expiratory  volume  in  first  sec-
ond (FEV1)  and  exhaled  Cys-LT  and  8-isoprostane  levels  before  and  after  treatment.  EBC  was
collected  from  52  patients  before  and  four  hours  after  treatment  with  inhaled  fluticasone  pro-
pionate (FP)  (4000  �g)  or  P  and  after  six  days  of  treatment  with  FP-1000  �g/day  or  P.  Cys-LTs
and 8-isoprostane  concentrations  were  determined  using  a  specific  immunoassay  kit.
Results: Both  single  high-dose  FP  (n  =  59)  and  p  (n  =  35)  treatment  resulted  in  a  significant
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improvement  in  asthma  score  (p  <  0.0001),  PEF  (p  <  0.0001),  and  FEV1  (p  <  0.0001).  Cys-LT
concentration  in  the  EBC  decreased  significantly  both  after  the  initial  treatment  (p  =  0.001),
and at  the  end  of  the  six-day  period  in  the  FP  group  (p  <  0.0001).  8-Isoprostane  concentration
was lower  only  after  six  days  of  treatment  with  FP-1000  �g/day  in  the  FP  group  (p  =  0.023).

Abbreviations: ICS, inhaled corticosteroid; Cys-LTs, cysteinyl leukotrienes; EBC, exhaled breath condensate; PEF, peak expiratory flow

ate; FEV1, forced expiratory volume in first second; ELISA, enzyme linked immunoassay; FP, fluticasone propionate; P, oral prednisone;
AL, bronchoalveolar lavage.
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There  was  a  significant  decrease  in  exhaled  Cys-LTs  after  four  hours  (p  =  0.012)  and  six  days  of
P treatment  (p  =  0.018)  in  children  with  asthma  exacerbation.
Conclusions:  High-dose  ICS  treatment  may  be  useful  in  the  treatment  of  children  with  asthma
exacerbation.  The  effects  start  as  early  as  after  four  hours.  The  suppression  of  Cys-LTs  produc-
tion contributes  to  the  early  effects.  Suppression  of  both  Cys-LTs  and  oxidants  may  favourably
contribute  to  the  effects  observed  later.
© 2015  SEICAP.  Published  by  Elsevier  España,  S.L.U.  All  rights  reserved.
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Introduction

Acute  exacerbations  are  common  events  for  asthmatics  and
continue  to  be  an  important  health  problem.  Although  inter-
national  guidelines  recommend  systemic  corticosteroids
besides  repetitive  administration  of  short  acting  inhaled
bronchodilators  in  the  management  of  asthma  exacer-
bations,  frequent  administration  may  increase  the  risks
associated  with  systemic  corticosteroid  treatment  in  some
patients.  Even  though  the  use  of  inhaled  steroids  during
an  asthma  exacerbation  has  been  proposed  as  an  alter-
native,  there  is  some  concern  about  its  efficacy.1---3 While
some  authors  have  suggested  that  inhaled  steroids  seem
to  act  faster  than  oral  steroids  on  symptoms  and  airway
obstruction,2,4---6 and  the  recent  Cochrane  review  of  early
use  of  ICS  in  the  emergency  department  treatment  of  acute
asthma  found  that  there  was  a  reduction  from  32  to  17  hos-
pital  admissions  per  100  patients  treated  with  ICS  agents
compared  with  placebo,  the  same  Cochrane  review  con-
cluded  that  there  was  not  sufficient  evidence  to  support
using  ICS  agents  alone  as  a  replacement  for  systemic  corti-
costeroid  therapy  in  acute  asthma  attacks.7 In  addition,  its
exact  mechanism  of  action  in  this  setting  is  largely  unknown.

In  a  well  designed  study  about  the  mechanism  of  high
dose  ICS,  Belda  et  al.  have  shown  that  high-dose  inhaled
fluticasone  appears  to  have  a  faster  and  stronger  effect  in
reducing  sputum  eosinophils  than  oral  prednisone  and  to  be
as  effective  as  prednisone  in  reducing  plasma  exudation,
bronchial  obstruction,  and  symptoms  in  adults  with  asthma
exacerbation.1

Inflammation  and  oxidative  stress  are  essential  parts
of  asthma  pathophysiology.  Cysteinyl  leukotrienes  (Cys-LTs)
are  potent  constrictors  and  pro-inflammatory  mediators.8,9

Higher  levels  of  Cys-LTs  have  been  found  in  bronchoalveo-
lar  lavage  (BAL),  induced  sputum,  and  in  exhaled  breath
condensate  (EBC)  of  asthmatics,  especially  in  patients  with
unstable  asthma.8---12 In  addition,  it  has  been  suggested
that  Cys-LTs  play  an  important  role  in  airway  remod-
elling.  Lex  et  al.13 reported  that  there  is  a  significant
relationship  between  EBC  Cys-LTs  and  reticular  basement
membrane  thickness  in  endobronchial  biopsies  in  children
with  asthma.  Moreover,  it  was  shown  that  intravenous  mon-
telukast  added  to  standard  care  in  adults  with  asthma
exacerbation  produced  a  significant  decrease  in  airway
obstruction  throughout  two  hours.14

Eosinophils,  neutrophils,  macrophages,  and  mast  cells

all  produce  reactive  oxygen  radicals  causing  an  increased
oxidative  stress  as  a  feature  of  airway  inflammation  in
asthma.15 8-Isoprostane  has  been  proposed  as  a  good  marker
of  oxidative  stress  due  to  its  stability,  specificity  for  lipid
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eroxidation  and  was  shown  to  increase  in  asthma.15,16

xhaled  8-isoprostane  is  elevated  in  asthmatic  children,  and
his  increase  has  not  been  shown  to  be  affected  by  inhaled
teroid  therapy.12,17,18

EBC,  as  a  non-invasive  and  safe  technique,  has  great
otential  for  monitoring  airway  inflammation  and  oxidative
tress  in  asthmatic  patients.19---22 In  contrast  to  bronchial
iopsy,  BAL  and  induced  sputum,  EBC  collection  itself  does
ot  affect  the  airway  and  therefore  can  be  repeated  sev-
ral  times,  thus  allowing  longitudinal  follow-up  of  exhaled
arkers  of  airway  inflammation  as  a  measure  for  treat-
ent  response.21 It  can  be  obtained  with  minimal  risk,

specially  in  patients  with  asthma  exacerbation,  where
ontra-indications  exist  for  more  invasive  techniques.  A
ignificant  correlation  between  8-isoprostane  and  Cys-LT
oncentrations  both  in  BAL  and  EBC  have  been  observed.23,24

Exhaled  Cys-LT  and  8-isoprostane  concentrations  are
ncreased  during  an  asthma  exacerbation25 and  Baraldi  et  al.
ave  shown  that  five  days  of  oral  prednisolone  treatment
educed  exhaled  Cys-LT  and  8-isoprostane  concentration  in
hildren  with  an  asthma  exacerbation.25

We  aimed  to  assess  the  effect  of  single-high  dose  ICS  ver-
us  oral  prednisone  (P)  treatment  on  both  exhaled  Cys-LT
nd  8-isoprostane  levels  and  clinical  response  in  children
ith  moderate---severe  asthma  exacerbation.

aterials and methods

ubjects

he  subjects  were  children  6---18  years  old  who  had  a
nown  history  of  asthma  and  who  presented  with  an  acute
sthma  exacerbation.  Asthma  exacerbation  was  defined  as
n  increase  in  symptoms,  such  as  cough,  wheezing,  short-
ess  of  breath  or  chest  tightness,  and  �2-agonist  use.26 In
rder  to  exclude  children  with  lower  respiratory  tract  infec-
ions,  we  did  not  include  children  with  fever  or  fine  rales
ith  auscultation.

The  asthmatic  children  were  evaluated  with  childhood
sthma  control  test  (c-ACT)  score  and  the  severity  at
nitial  presentation  and  at  follow-up  was  expressed  as
‘asthma  score’’;27 peak  expiratory  flow  rate  (PEF)  was  eval-
ated  with  PEF-meter  and  forced  expiratory  volume  in  first
econd  (FEV1)  measured  by  a  dry  spirometer  (Sensor  Medics,
max22,  CA,  USA).  The  asthma  exacerbation  score  used  in

ur  study  is  a  modification  of  the  asthma  score  by  Qureshi

 et  al.,  published  by  the  National  Institutes  of  Health.28

he  interrater  reliability  of  the  scoring  system,  tested  in
8  children  in  the  emergency  department  was  good.27 The
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verall  asthma  score  (range  5---15  points)  was  calculated  by
dding  the  scores  for  each  of  the  following  five  variables:
espiratory  rate,  oxygen  saturation,  auscultation,  retrac-
ions,  and  dyspnea.  Only  children  with  moderate  (asthma
core  of  8---11)  or  severe  (asthma  score  of  12---15)  exacerba-
ion  of  asthma  were  enrolled  in  the  study.  While  enrolling
hildren  into  our  study,  we  used  both  asthma  exacerbation
core  and  GINA  asthma  exacerbation  classification.26,28 In
rder  to  evaluate  our  patients  with  a  validated  classification
ystem  we  classified  our  patients  according  to  GINA  asthma
xacerbation  classification  and  in  order  to  follow  treatment
esponse  with  a  numeric  score  we  used  asthma  exacerba-
ion  score.26,28 All  of  our  patients  were  in  the  moderate  or
evere  asthma  exacerbation  classes  according  to  both  GINA
lassification  and  asthma  exacerbation  score.

Children  who  used  systemic  corticosteroids  within  three
eeks  prior  to  the  study;  those  receiving  ICS  at  a  dose  of
1000  �g/day  budesonide  or  equivalent;  those  demonstrat-

ng  signs  of  lower  respiratory  tract  infection  or  systemic
iseases  other  than  asthma  and  those  who  had  a  history  of
ntubation  for  asthma  exacerbation  were  excluded  from  the
tudy.

tudy  design

he  study  was  performed  as  a  prospective  trial.  The  person-
el  performing  the  ELISA  tests  were  unaware  of  the  clinical
tatus  of  the  cases  and  the  protocol  of  the  study.

Ninety-four  children  (62  boys  and  32  girls)  that  presented
o  Gaziantep  University  Paediatric  Allergy  and  Asthma  Unit
ith  asthma  exacerbation  between  January  2009  and  April
010  were  included  in  our  study.  Fifty-nine  children  were
ncluded  into  the  high-dose  fluticasone  propionate  (FP)
roup  and  35  children  were  included  into  the  oral  prednisone
P)  group  in  the  clinical  part  of  the  study.  Exhaled  breath
ondensates  were  obtained  from  34  patients  in  the  FP  group
nd  18  children  in  the  P  group  for  pre-treatment  analysis  in
he  exhaled  breath  condensate  study.

tudy  protocol

inety-four  children  with  moderate  or  severe  asthma  exac-
rbation  were  included.  Since  Belda  et  al.  showed  the
nti-inflammatory  effect  of  4000  mcg  FP  by  showing  the
mprovement  in  the  sputum  eosinophil  number  in  patients
ith  acute  asthma,  we  chose  to  treat  our  patients  with
000  mcg  FP.1 59  children  in  the  FP  group  were  treated  with
ebulised  FP  2  mg/ml  solution  at  a  single  dose  of  4000  �g,
nd  35  children  in  the  P  group  were  treated  with  oral  pred-
isone  at  a  single  dose  of  1  mg/kg.  Both  groups  were  treated
ith  nebulised  albuterol  solution  at  a  dose  of  0.15  mg/kg  fol-

owed  by  two  nebulisations  of  albuterol  20  min  apart.  After
he  first  hour  of  treatment,  albuterol  was  given  hourly  until  a
ecision  was  made  to  admit  or  discharge  the  patient.  Inhaled
edications  were  administered  with  the  use  of  a  jet  nebu-

iser  (Respirair  F400,  Flaemnuova,  S.  Martino,  Italy).  PEF,
EV1 and  asthma  scores  were  determined  before  adminis-

ration  of  FP  or  P  and  albuterol  and  then  hourly  during  the
rst  four  hours  of  treatment.  Each  evaluation  was  made
efore  each  albuterol  administration.  A  decision  to  admit
r  discharge  the  child  was  made  by  the  attending  physician.
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hildren  were  discharged  if  they  demonstrated  a  PaO2 ≥94%
t  room  air  and  had  a  FEV1 of  ≥70%.  After  discharge,  the  chil-
ren  in  the  FP  group  were  treated  with  inhaled  FP  at  a  dose
f  1000  �g/daily  with  pressurised  metered  dose  inhaler  and
pacer;  and  P  group  was  treated  with  oral  P  1  mg/kg/day  for
ix  days  at  home.  During  this  period,  patients  discontinued
heir  usual  regular  ICS  treatment.  PEF,  asthma  score,  and
ulmonary  function  tests  were  determined  after  six  days  of
reatment  with  FP-1000  �g/daily  or  oral  P.

The  EBC  was  collected  before  treatment,  four  hours  after
he  initial  treatment  with  inhaled  FP-4000  �g  or  oral  P,  and
t  the  end  of  the  six  days  of  treatments.

The  primary  outcome  of  the  study  was  the  change  in  EBC
ys-LTs  and  8-isoprostane  level  after  four  hours  of  treatment
ith  single-high  dose  FP-4000  �g  or  oral  P.  Secondary  out-
omes  were  the  effects  of  treatment  on  pulmonary  functions
nd  asthma  scores.

tudy  measurements  and  procedures

ollection  of  EBC
 commercially  available  device,  EcoScreen  (Jaeger,
urzburg,  Germany),  was  used  for  the  collection  of  EBC.

n  this  collection  system,  exhaled  air  enters  and  leaves
he  chamber  through  a  two-way,  non-breathing  valve,  and
aliva  is  filtered.  Expiratory  air  flows  through  a  lamellar
ondenser  that  is  surrounded  by  a  cooling  cuff.  The  inte-
ior  temperature  is  −15 ◦C  or  cooler.  EBC  was  collected
ccording  to  the  ATS/ERS  Task  Force  recommendations.29

ll  subjects  breathed  in  a  relaxed  manner  (tidal  breathing)
or  15  min.  Approximately  1  ml  of  breath  condensate  was
ollected  in  sterile  Eppendorf  tubes  and  immediately  upon
ollection  the  samples  were  frozen  on  dry  ice  and  stored
n  −80 ◦C  until  measurement  within  six  months  of  collec-
ion.

easurements  of  EBC
xhaled  8-isoprostane  concentrations  were  quantified  using

 specific  enzyme  immunoassay  kit  (Cayman  Chemicals,  Ann
rbour,  MI,  USA)  as  previously  described.  The  detection  limit
as  2.7  pg/ml.

Cys-LT  concentrations  were  determined  using  a  specific
mmunoassay  kit  (Cayman  Chemicals,  Ann  Arbour,  MI,  USA),
hich  measures  three  leukotrienes,  LTC4,  D4,  E4  in  a  single
easurement  as  previously  described.11 The  detection  limit
as  13  pg/ml.

thics

ll  study  procedures  were  done  in  accordance  with  a
rotocol  previously  approved  by  the  Ethics  Committee  of
aziantep  University.  All  parents  provided  written  informed
onsent  for  the  study  procedures  and  the  children  gave  con-
ent.

tatistical  analyses
 statistical  software  package  was  used  for  all  data  anal-
sis  and  comparisons  (SPSS  v  11.5).  The  data  were  tested
or  assumptions  of  normalcy,  and  differences  between  the
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groups  were  compared  with  Mann---Whitney  U  test  and
Kruskal---Wallis  accompanied  by  Dunn’s  multiple  compari-
son.  Spearman’s  rank  correlation  coefficient  was  applied  to
investigate  the  correlation  between  different  parameters.
Multiple  linear  regressions  were  applied  whenever  needed
to  adjust  for  age,  gender  as  potential  confounders.  A  p  value
of  less  than  0.05  was  considered  significant.

Sample  size  was  estimated  using  a  power  calculation
based  on  50%  reduction  in  Cys-LT  and  8-isoprostane  measures
which  showed  that  at  least  12  patients  would  be  required  to
detect  a  significant  difference  between  baseline  levels  and
fourth  hour  levels  at  80%  power  level  and  an  alpha  error  of
5%.

Results

Fifty-nine  and  35  children  were  included  in  the  FP  and  P
groups,  respectively,  in  the  clinical  part  of  our  study.  The
main  characteristics  of  the  study  population  are  given  in
Table  1.  During  the  six  day  period  of  treatment,  none  of  the
children  was  hospitalised.

Changes  in  the  Cys-LT  and  8-isoprostane
concentrations

Exhaled  Cys-LT  concentrations  were  obtained  from  34,  32,
and  23  patients  in  the  FP  group,  and  from  18,  16,  and  16
patients  in  the  P  group  for  pre-treatment,  fourth  hour,  and
sixth  day  analysis,  respectively.  Baseline  Cys-LTs  were  able
to  be  detected  in  30/34  children  in  the  FP  group  and  in  8/18
children  in  the  P  group.  There  was  no  significant  difference
between  baseline  Cys-LT  levels  of  FP  (n  =  30)  and  P  (n  =  8)
groups  [33.6  pg/ml  (19.5,  74.7)  vs.  83.4  pg/ml  (17.3,  274.4),
(median,  interquartile  range),  p  =  0.5].

There  was  no  significant  difference  in  age,  sex,  base-
line  FEV1%,  FEV1  improvement,  and  baseline  Cys-LT  and
8-isoprostane  levels  between  children  with  and  without  sixth
day  mediator  analysis.

At  four  hours,  there  was  a  significant  decrease  in  exhaled
Cys-LT  concentration  [33.6  pg/ml  (19.5,  74.7)  vs.  12.2  (3.9,
32.6),  (median,  interquartile  range),  (p  =  0.001,  n  =  24)]  in
the  FP  group.  A  further  decrease  was  observed  on  day  six
[3.9  pg/ml  (3.9,  15.7)  vs.  initial  values,  (p  <  0.0001,  n  =  18)]
in  the  FP  group  (Fig.  1).

There  was  a  significant  decrease  in  exhaled  Cys-LT  con-
centrations  at  four  hours  and  sixth  day  [83.4  pg/ml  (17.3,
274.4)  vs.  3.9  (3.9,  46.5)  vs.  3.9  (3.9,  3.9),  (baseline  vs.
fourth  hour  vs.  sixth  day,  respectively),  (p  =  0.012,  n  =  8),
and  (p  =  0.018,  n  =  7),  for  fourth  hour  and  sixth  day  analysis,
respectively]  in  the  P  group  (Fig.  1).

Exhaled  8-isoprostane  concentrations  were  obtained
from  34,  30,  and  23  patients  for  pre-treatment,  fourth
hour,  and  sixth  day  analysis  in  the  FP  group,  respectively.
We  could  detect  exhaled  8-isoprostane  concentrations  in
all  of  the  exhaled  breath  condensate  samples.  In  con-
trast  to  Cys-LT,  no  significant  difference  was  observed  in
the  8-isoprostane  concentration  after  four  hours  or  six

days  of  FP  treatment  (Fig.  2).  However,  when  moderate
exacerbations  were  excluded  and  the  analysis  restricted
to  severe  exacerbations  only,  a  significant  decrease  in  8-
isoprostane  concentrations  was  observed  after  six  days
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ompared  to  baseline  levels  [10.4  pg/ml  (7.9,  17.4)  vs.
4.0  pg/ml  (12.5,  61.8),  p  =  0.023,  n  =  15]  in  the  FP  group
Fig.  2).

Exhaled  8-isoprostane  concentrations  were  obtained
rom  17,  15,  and  12  patients  for  pre-treatment,  fourth
our,  and  sixth  day  analysis  in  the  P  group,  respectively.
e  could  detect  exhaled  8-isoprostane  concentrations  in

ll  of  the  exhaled  breath  condensate  samples.  There  was
o  significant  decrease  in  exhaled  8-isoprostane  concen-
rations  neither  at  four  hours  nor  at  sixth  day  [26.1  pg/ml
14.4,  93.3)  vs.  52.6  pg/ml  (14.7,  146.6)  vs.  22.9  (5.0,
6.9),  (baseline  vs.  fourth  hour  vs.  sixth  day,  respec-
ively),  (p  >  0.05,  n  =  14),  (p  >  0.05,  n  =  11)]  in  the  P  group
Fig.  2).  There  was  also  no  significant  decrease  in  exhaled
-isoprostane  concentrations  neither  at  four  hours  nor  at
ixth  day  in  the  P  group  with  severe  asthma  exacerbation
Fig.  2).

aseline  Cys-LTs  and  eosinophil  percentages  during
sthma exacerbation

aseline  Cys-LTs  were  able  to  be  detected  in  30/34  children
n  the  FP  group  and  in  8/18  children  in  the  P  group.  There
as  a  significant  difference  in  the  eosinophil  percentages
etween  FP  and  P  groups  (Table  1).  Lower  eosinophil  levels
ay  be  related  with  lower  detectability  of  exhaled  Cys-LTs

n  the  prednisone  group.  When  we  analysed  eosinophil  levels
n  children  with  detectable  Cys-LTs,  there  was  no  significant
ifference  between  two  treatment  groups.

orrelation  analyses

he  percentage  reduction  in  Cys-LTs  correlated  significantly
ith  baseline  Cys-LT  levels  at  four  hours  (r  =  0.58,  p  =  0.001),
nd  six  days  (r  =  0.73,  p  =  0.0002)  in  the  FP  group.  Similarly,
he  percentage  reduction  in  8-isoprostane  at  six  days  corre-
ated  significantly  with  baseline  8-isoprostane  levels  in  the
P  group  (r  =  0.83,  p  < 0.0001).

There  was  no  significant  correlation  between  FEV1,  PEF
evels  and  exhaled  Cys-LT  measures.  There  was  no  signifi-
ant  correlation  between  improvement  in  asthma  score,  PEF
evels,  and  reduction  in  exhaled  8-isoprostane  and  Cys-LT
easures.
There  was  no  significant  difference  in  the  eosinophil

ounts  between  FP  and  P  groups  (Table  1).  But,  even
hough  there  was  no  significant  difference  in  the  frequency
f  atopy  and  IgE  levels  between  FP  and  P  groups,  there
as  a  significant  difference  in  the  eosinophil  percentages

Table  1).  Although  there  was  a  significant  difference  in  the
osinophils%  between  the  P  and  FP  groups,  we  could  not
emonstrate  any  significant  correlation  between  eosinophil
evels  and  clinical  improvement  in  pulmonary  function  test
easure,  asthma  exacerbation  scores  or  change  in  exhaled
ediators.

ffect  of  treatment  on  asthma  score  and  airflow

bstruction

P-4000  �g  treatment  induced  a significant  improvement  in
sthma  scores  after  four  hours  of  treatment  [from  9  (8,  10)
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Table  1  Main  characteristics  of  the  study  population  at  the  time  of  asthma  exacerbation.

Fluticasone  Propionate  group  (n  =  59)  Prednisone  group  (n  =  35)  p

Gender
Male/Female  39/20  23/12  0.8

Age (yrs)* 9.6  ±  3.1  9.1  ±  2.7  0.5
Duration of  asthma  (yrs)* 4.3  ±  3.5  5.2  ±  2.8  0.3
Atopy %  52  50  0.2
Regular use  of:  0.2

Low dose  ICS  28%  18%
Moderate-high  dose  39%  42%

ICS ±  (LABA)
No regular  treatment 33%  40%

Best FEV1
‡ (%  pred)† 94.0  (81.8---102.5) 98.5  (88.0---103.0) 0.2

FEV1 at  exacerbation† 72.0  (59.0---82.0)  71.0  (55.5---86.5)  0.9
Severity of  asthma  exacerbation  0.9

Moderate (%)  20  28
Severe (%)  80  72

Risk factor  for  asthma  exacerbation  0.4
Common cold  history  71%  51%
Allergen  exposure  15%  12%
Not to  use  medication  10%  15%
Cigarette  smoke  exposure  9%  20%
Heavy exercise  5%  6%

Associated  atopic  disease  0.4
Allergic rhinitis  56%  63%
Food allergy  21%  14%

IgE (IU/L)† 185.0  (48.8---581.5)  311.0  (49.0---1070.0)  0.5
Eos count/mm3 340  (110---600)  270  (30---550)  0.15
Eosinophil %† 4.1(1.3---6.3)  2.0(0.2---5.2)  0.01

ICS = inhaled corticosteroids, LABA = long acting �2 agonists, * Mean ± Standard deviation.
†: Median (interquartile range), ‡:  Highest value measured in the previous year.
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o  6  (5,  7),  p  <  0.0001]  (Fig.  3).  Improvement  in  symptom
cores  was  accompanied  by  improvements  in  pulmonary
unction  tests:  PEF  improved  from  [160  L/min  (115,  222)  to
95  (135,  267),  p  <  0.0001]  at  four  hours  and  to  220  (160,
75)  on  day  six  (p  <  0.0001);  FEV1  improved  from  [69%  (56,
8)  to  82%  (75,  98),  p  <  0.0001],  at  four  hours  and  to  89%  (81,
9),  on  day  six  (p  <  0.0001)  (Fig.  3).

Oral  P  treatment  induced  a  significant  improvement  in
sthma  scores  after  four  hours  of  treatment  [from  10  (9,
0)  to  6  (5,  8),  p  <  0.0001]  (Fig.  3).  Improvement  in  symp-
om  scores  was  accompanied  by  improvements  in  pulmonary
unction  tests:  PEF  improved  from  [170  L/min  (110,  215)  to
22  (160,  253),  p  <  0.0001]  at  four  hours  and  to  200  (160,
65)  on  day  six  (p  <  0.0001);  FEV1  improved  from  [69%  (56,
5)  to  82%  (70,  94),  p  <  0.0001],  at  four  hours  and  to  93%  (80,
03),  on  day  six  (p  <  0.0001)  (Fig.  3).

hildhood  asthma  control  test  (c-ACT)  scores

here  was  a  significant  improvement  in  c-ACT  scores

16.5(13,  20)  vs.  21  (19,  23),  (p  <  0.0001)]  obtained  one-
onth  after  asthma  exacerbation  treatment,  when  our
atients  were  stable,  compared  to  c-ACT  scores  on  the  day
ith  asthma  exacerbation.

d
h
i
o

topy  and  changes  in  the  Cys-LT  and  8-isoprostane
oncentrations  and  clinical  outcome

here  was  no  significant  difference  in  the  changes  in
ys-LTs  and  8-isoprostane  levels  and  clinical  outcome
etween  atopics  and  non-atopics  in  both  treatment  groups.
Data  not  shown).

No  adverse  events  including  fever,  vomiting,  increased
yspnoea,  decreasing  oxygen  saturation,  intubation  or  hos-
ital  admission  was  observed  during  treatment.

iscussion

ur  study  shows  that  both  single-high  dose  inhaled  FP-
000  �g  and  oral  P  treatment  improved  asthma  exacerbation
core  and  pulmonary  functions  and  that  exhaled  Cys-LT  con-
entrations  were  reduced  significantly  as  early  as  four  hours
fter  single-high  dose  FP  in  children  with  moderate-severe
xacerbation.  Cys-LT  concentrations  were  further  decreased
fter  six  days  of  FP-1000  �g/day.  Moreover,  a  significant

ecrease  in  Cys-LT  concentrations  was  observed  after  four
ours,  and  six  days  of  P  treatment.  On  the  other  hand,  8-
soprostane  levels  decreased  only  after  six  days  of  FP  and
nly  in  those  children  with  a  severe  asthma  exacerbation.
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Figure  1  Exhaled  Cys-LT  measures  before,  (a)  after  four  hours  of  treatment  with  inhaled  fluticasone  propionate  (FP),  and  (b)
after four  hours  of  treatment  with  oral  prednisone  (P),  and  exhaled  Cys-LT  measures  before,  (c)  after  six  days  of  treatment  with
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inhaled FP,  and  (d)  after  six  days  of  treatment  with  oral  P  in  c
values are  shown.

The  percentage  reduction  in  Cys-LTs  and  8-isoprostane  cor-
related  significantly  with  baseline  mediator  levels.

It  has  been  shown  that  Cys-LT  levels  increase  above  their
baseline  levels  during  asthma  exacerbation9,30 and  corti-
costeroids  can  selectively  affect  the  increased  leukotriene
production31 even  though  they  have  no  effect  on  BAL
fluid  levels  in  stable  asthmatics.32,33 Regarding  this  issue,
Shindo  et  al.31 found  that  5-hydroperoxyeicosatetraenoic
acid  (5-HPETE)  levels,  which  can  be  considered  a mea-
sure  of  5-lipoxygenase  (5-LOX)  activity,  were  significantly
higher  in  the  cytosol  of  blood  eosinophils  obtained
from  asthmatic  patients  during  acute  wheezing  than  in
those  in  remission,  and  they  were  inhibited  by  pred-
nisolone  in  a  dose  dependent  fashion.  In  agreement  with
this  in  vitro  study,  we  have  shown  a  significant  decrease
in  Cys-LT  concentrations  after  four  hours,  and  six  days

of  P  treatment  in  children  with  moderate-severe  exac-
erbation.  Moreover,  we  have  shown  that  exhaled  Cys-LT
concentrations  were  reduced  significantly  four  hours  after
single-high  dose  FP  and  an  even  more  significantly  after  six

s
b
a
l

en  with  asthma  exacerbation.  Median  and  interquartile  range

ays  of  FP-1000  �g/daily  in  children  with  moderate---severe
xacerbation.

Djukanovic  et  al.  showed  nicely  that  epithelial  and
ucosal  mast  cells  and  eosinophils  and  submucosal  T  lym-
hocytes  were  reduced  significantly  in  association  with
linical  improvement  following  two  weeks  of  therapy
ith  2000  �g/day  and  followed  by  four  weeks  of  therapy
ith  1000  �g/day  inhaled  beclomethasone  dipropionate.34

ut  the  data  concerning  the  acute  effects  of  systemic  corti-
osteroids  and  specifically  of  ICS  on  the  airway  inflammation
re  scarce.  This  may  be  partly  due  to  the  difficulty  in  obtain-
ng  bronchial  secretions  in  dyspnoeic  asthmatics1 during  a
aturally  occurring  asthma  exacerbation.  In  one  of  the  few
tudies,  exhaled  Cys-LTs  and  8-isoprostane  concentrations
ere  shown  to  decrease  after  five  days  of  oral  prednisone

reatment  in  children  with  asthma  exacerbation.25 Our  study

upports  this  observation  and  shows  that  the  same  effect  can
e  obtained  with  high-dose  inhaled  corticosteroid  treatment
s  well  as  P  treatment.  Furthermore,  ICS  may  have  higher
ocal  anti-inflammatory  effect  compared  to  oral  P  as  shown
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Figure  2  Exhaled  8-isoprostane  measures  before  and  (a)  after  six  days  of  treatment  with  inhaled  fluticasone  propionate  (FP)  in
all study  group,  and  (b)  after  six  days  of  treatment  with  oral  prednisone  (P)  in  all  study  group,  and  exhaled  8-isoprostane  measures
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efore, and  (c)  after  six  days  of  treatment  with  inhaled  FP  in  c
reatment with  oral  prednisone  (P)  in  children  with  severe  asth

efore.1,35 In  the  light  of  our  finding,  we  may  recommend  not
o  stop  usual  regular  ICS  treatment  while  treating  children
ith  asthma  exacerbation  with  systemic  corticosteroids  as

uggested  by  Rowe  et  al.3 Furthermore,  the  early  addition  of
CS  to  the  systemic  corticosteroids  in  the  emergency  depart-
ent  and  continuation  of  these  preventive  agents  following
ischarge  should  be  considered.3

The  mechanism  of  the  acute  effect  of  ICS  in  an  asthma
xacerbation  is  not  yet  clear.  One  study  reported  a  reduc-
ion  in  sputum  eosinophils  with  4000  �g  inhaled  FP  in
wo  hours  in  adults  with  moderate  asthma  exacerbation.1

ibson  et  al.35 showed  that  sputum  eosinophils  were
educed  six  hours  after  2400  �g  inhaled  budesonide  treat-
ent  in  adults  with  stable  asthma.  Aggarwal  et  al.36 showed

hat  there  is  a  correlation  between  sputum  eosinophils  and

putum  Cys-LTs  in  adults  with  asthma.  Cys-LTs  are  gener-
ted  mainly  by  mast  cells  and  eosinophils  and  they  are
apable  of  recruiting  eosinophils.37 The  lower  concentra-
ion  of  Cys-LTs  that  we  have  observed  can  be  due  to  two

d
l
m
m

en  with  severe  asthma  exacerbation,  and  (d)  after  six  days  of
xacerbation.  Median  and  interquartile  range  values  are  shown.

ifferent  factors.  ICS  may  have  decreased  the  eosinophil
nfiltration  resulting  in  decreased  production  of  Cys-LTs;  or
CS  may  have  decreased  Cys-LTs  by  another  mechanism  and
hus  lead  to  decreased  eosinophil  recruitment.  Even  though
hese  two  mechanisms  are  not  mutually  exclusive  we  do  not
ave  eosinophil  data  to  support  these  hypotheses.

Although  it  has  been  shown  that  sputum  eosinophil  count
ay  predict  inhaled  corticosteroid  responsiveness,38 Sont

t  al.  have  shown  that  there  was  no  correlation  between
he  number  of  infiltrating  leucocytes  such  as  mast  cells,
ctivated  eosinophils,  CD8+,  and  CD45RO+  cells  in  bronchial
iopsy  specimens  from  asthmatics  on  regular  treatment  with
nhaled  steroids  and  symptoms  or  lung  function.39 Similarly,
lthough  there  was  a  significant  difference  in  the  percentage
f  eosinophils  between  the  P  and  FP  groups,  we  could  not

emonstrate  any  significant  correlation  between  eosinophil
evels  and  clinical  improvement  in  pulmonary  function  test
easure,  asthma  exacerbation  scores  or  change  in  exhaled
ediators,  and  our  data  failed  to  show  any  correlation
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Figure  3  PEF  (a),  FEV1  (b),  and  asthma  exacerbation  score  (c)  before  and  after  inhaled  fluticasone  propionate  (FP)  or  oral  prednisone  (P)  treatment  in  the  FP  group  and  P  group.
*p <  0.0001,  Friedman.
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46  

etween  the  decrease  in  the  Cys-LTs  and  clinical  improve-
ent.  Therefore,  there  is  reason  to  believe  that  other

actors  are  also  involved.  Multiple  factors  may  play  a  role
n  the  clinical  efficacy  of  high  dose  ICS.  ICS  can  have  two
ifferent  effects  on  acute  asthma  patients:  (1)  the  classic
nti-inflammatory  or  genomic  action,  involving  the  modifi-
ation  of  gene  expression,  occurring  within  hours  or  days;
nd  (2)  the  non-genomic  action,  with  a  rapid  onset  in  min-
tes,  but  of  shorter  duration.40 Kumar  et  al.  showed  that
nhaled  FP  induced  vasoconstriction  in  the  airway  mucosa
ithin  30  min  and  was  of  short  duration  (90  min).41 There

s  strong  evidence  that  classic  receptors  belonging  to  the
uclear  receptor  superfamily  mediate  non-genomic  steroid
ffects  in  some  cases.42 In  the  light  of  this  information,
ack  of  correlation  between  the  decrease  in  the  Cys-LTs  and
he  clinical  improvement  does  not  indicate  that  Cys-LTs  do
ot  have  any  role  in  the  therapeutic  benefit  of  ICS  in  acute
sthma.  However,  it  must  suggest  that  many  other  genomic
nd  non-genomic  factors  may  be  interrelated  with  the  clin-
cal  efficacy  of  ICS.

Although  Cys-LTs  might  have  a  role  in  bronchoconstric-
ion,  the  lack  of  a  correlation  between  the  Cys-LTs  and
ulmonary  function  measures  suggests  that  other  mediators
r  mechanisms  might  contribute  to  bronchoconstriction.  In
ddition,  CysLT  receptor  nature  and  the  sensitivity  of  the
irway  smooth  muscle  may  be  involved  in  the  determination
f  bronchoconstriction.

We  were  unable  to  show  the  efficacy  of  single  high-dose
nhaled  FP  or  oral  P  in  exhaled  8-isoprostane  levels.  Sig-
ificant  reduction  of  exhaled  8-isoprostane  measures  was
hown  only  after  six  days  of  FP  and  only  in  children  with
evere  asthma  exacerbation.  Our  result  seems  to  confirm
he  partial  effect  of  ICS  on  8-isoprostane  levels,  previ-
usly  emphasised  by  other  studies.17,18,43 Mondino  et  al.
ave  shown  that  four  weeks-duration  ICS  did  not  reduce
xhaled  8-isoprostane  in  steroid-naive  asthmatic  children.18

ince  ICS-naive  children  and  children  with  ICS  therapy
ave  similar  exhaled  8-isoprostane  levels,  it  has  been  sug-
ested  that  exhaled  8-isoprostane  does  not  seem  to  be
ormalised  by  ICS.17,43 In  support  of  this  notion,  Baraldi  et  al.
ave  suggested  that  corticosteroids  may  not  be  fully  effec-
ive  in  reducing  oxidative  stress  in  children  with  asthma
xacerbation.25 Furthermore,  we  showed  that  single  high-
ose  ICS  treatment  may  be  insufficient  to  control  oxidative
tress  adequately  in  children  with  moderate-severe  asthma
xacerbation.  Since  uncontrolled  oxidative  stress  may  dam-
ge  lungs  and  increase  inflammation,  the  duration  of  the
reatment  may  have  to  be  extended  to  as  long  as  six  days  to
ontrol  the  ongoing  oxidant  stress.

We  observed  a  higher  inhibition  in  patients  with  higher
aseline  mediator  levels  as  was  shown  for  8-isoprostane  lev-
ls  before.25 This  means  that  whenever  baseline  mediator
evels  increase,  the  reduction  in  this  mediator  levels  may  be
uch  more  prominent  after  anti-inflammatory  treatment.25

It  has  been  shown  that  the  use  of  inhaled  fluticasone  in
oses  of  up  to  1000  �g/day  as  long-term  (at  least  12  months)
reatment  of  children  with  severe  asthma  did  not  substan-
ially  affect  their  adrenal  function.44 But  there  is  no  data  on

he  systemic  adsorption  of  single  dose  inhaled-FP  4000  mcg.

A  limitation  of  our  study  is  that  the  clinical  and  anti-
nflammatory  effects  of  different  doses  of  ICS  were  not
tudied.  Further  placebo-controlled  studies  investigating
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he  clinical  and  anti-inflammatory  response  to  different
oses  of  ICS  treatment  will  answer  if  a  flat  dose  response
urve  with  high-dose  ICS  treatment  is  present  in  asthma
xacerbation.  Our  study  provides  suitable  pilot  data  for  such
tudies.  As  supporting  this  topic,  the  Cochrane  review  of
arly  use  of  ICS  in  the  emergency  department  treatment  of
cute  asthma  found  that  inhaled  corticosteroids  helped  to
elieve  asthma  attacks,  but,  the  most  effective  drug  and
osage  are  unclear.7

Another  limitation  of  our  study  is  the  lack  of  placebo
roup  due  to  obvious  ethical  concerns.  In  this  regard,  day-to-
ay  repeatability  of  exhaled  eicosanoids  was  demonstrated
n  the  previous  studies.18,25 In  the  present  study,  we  tried
o  decrease  variability  in  exhaled  mediators  by  collecting
he  EBC  by  the  same  staff,  collecting  the  EBC  at  standard
olume  and  duration,  using  same  analytic  technique,  evalu-
ting  the  same  patient  for  monitoring  treatment  response.
n  the  other  hand,  we  evaluated  oral  P  group  as  a  standard
uidelines-recommended  treatment  group  to  compare  with
ingle  high-dose  ICS  treatment  in  children  with  asthma  exac-
rbation.  Furthermore,  we  demonstrated  that  monitoring
reatment  response  was  possible  by  EBC  even  in  dyspnoeic
hildren  with  exacerbation  without  increasing  dyspnoea.
nother  limitation  of  our  study  is  that,  even  though  an  early
ffect  of  ICS  and  mediators  is  shown,  it  fails  to  demonstrate
he  exact  mechanism  of  action  mainly  because  of  the  lack  of
upplemental  cellular  and  molecular  data,  which  is  mainly
ue  to  the  difficulties  associated  with  obtaining  tissue  and
putum  in  this  age  group  under  circumstances  necessitating
mergency  treatment.

In  conclusion,  our  study  shows  that  high-dose  inhaled  cor-
icosteroid  treatment  is  as  effective  as  oral  P  treatment  for
hildren  with  moderate  to  severe  asthma  exacerbation.  The
ffects  start  as  early  as  four  hours.  Even  though  the  suppres-
ion  of  Cys-LTs  production  contributes  to  the  early  effects
nd  suppression  of  both  Cys-LTs  and  oxidants  may  favourably
ontribute  to  the  effects  observed  later,  the  exact  mode
f  action  and  the  underlying  cellular  and  molecular  mecha-
isms  remain  to  be  determined.
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Dos vacunas en una para un doble beneficio  
del paciente polisensibilizado



DENOMINACIÓN DEL MEDICAMENTO: Depigoid®Duo. COMPOSICIÓN CUALITATIVA Y CUANTITATIVA: Extractos alergénicos despigmentados, polimerizados con 
glutaraldehído y adsorbidos en hidróxido de aluminio, estandarizados biológicamente y cuya concentración se expresa en unidades DPP/ml. Formulaciones 
terapéuticas individualizadas de acuerdo a la composición determinada en la prescripción médica. FORMA FARMACÉUTICA: Suspensión inyectable. DATOS 
CLÍNICOS: Indicaciones terapéuticas: Tratamiento hiposensibilizante (inmunoterapia específica) de las enfermedades alérgicas respiratorias mediadas por IgE 
(hipersensibilidad tipo I o inmediata), como rinitis alérgica, conjuntivitis alérgica y/o rinoconjuntivitis alérgica, con o sin asma bronquial alérgico. Posología y forma 
de administración: Depigoid®DUO debe ser administrado por vía subcutánea. El laboratorio sólo puede facilitar las normas generales de tratamiento obtenidas de 
la experiencia clínica. El médico responsable del tratamiento debe adaptar estas normas generales a cada enfermo y a su curso clínico. Contraindicaciones: Se 
consideran contraindicaciones las generales de la inmunoterapia específica con alérgenos, fundamentalmente: coexistencia de enfermedad respiratoria (p.ej. asma 
grave no controlado, enfisema, bronquiectasias), cardiovascular, renal, hepática, o hematológica, procesos infecciosos agudos, fiebre, enfermedades inflamatorias 
graves, neoplasias malignas o enfermedades del sistema inmunológico, por ejemplo enfermedades autoinmunes, por inmunocomplejos o inmunodeficiencias, 
síntomas graves de alergia, procesos patológicos en los que el paciente recibe betabloqueantes, antidepresivos tricíclicos o inhibidores de la mono-amida-oxidasa, 
o en los que la adrenalina esté contraindicada, e hipersensibilidad a cualquiera de los excipientes. Advertencias y precauciones especiales de empleo: • Iniciar el 
tratamiento en periodo asintomático, asegurando que el paciente está clínicamente estable y no existe ninguna situación que contraindique su administración. 
Comprobar la fecha de administración de la última dosis y la tolerancia a la misma, así como el vial que corresponde administrar, su fecha de caducidad y la dosis. 
Agitar suavemente el vial antes de extraer la dosis. • Inyectar lentamente por vía subcutánea, en la cara posterolateral del brazo. Se debe evitar estrictamente la 
administración intravenosa, intracutánea o intramuscular. Alternar los brazos. • Después de la administración del extracto, el paciente debe permanecer en 
observación, al menos, 30 minutos. No realizar ejercicios o trabajos físicos exhaustivos, ni aplicar baños calientes ni saunas el día de la inyección. Se aconseja 
también ese día evitar comidas copiosas y la ingesta de alcohol. No frotar ni aplicar ningún masaje o calor sobre la zona inyectada. Instruir al paciente para que 
busque asistencia médica en caso de aparición síntomas tardíos de reacción sistémica. • Disponer de un equipo de reanimación de emergencia. • En caso de 
requerirse la administración de dos vacunas Depigoid®DUO de extractos diferentes por separado, se recomienda esperar un intervalo de 2-3 días entre ambas. En 
caso de no ser posible, se recomienda su inyección en brazos distintos con un intervalo de, al menos, 30 minutos. Interacción con otros medicamentos y otras 
formas de interacción: No se han realizado estudios de interacción. No debe mezclarse este preparado con otra vacuna antialérgica, deben administrarse en 
inyecciones separadas. Los medicamentos que modifican la respuesta alérgica (antihistamínicos, corticoides, broncodilatadores, cromonas, antagonistas de los 
leucotrienos, etc) aumentan el umbral de tolerancia del paciente a la inmunoterapia, si se administran antes de la misma. Pueden surgir reacciones adversas si el 
paciente olvida tomar su medicación antialérgica habitual antes de la administración de la inmunoterapia. La exposición adicional a alérgenos (exógena o 
iatrogénica) puede disminuir la tolerancia a la inmunoterapia. No debe administrarse inmunoterapia específica durante el tratamiento con inmunosupresores. La 
administración de cualquier otro tipo de vacuna (polio, trivalente, etc.) debe realizarse con un intervalo de una semana, anterior o posterior a la administración de 
este tratamiento. Fertilidad, embarazo y lactancia: No hay datos clínicos sobre un posible efecto de Depigoid®DUO sobre la fertilidad. No hay datos clínicos sobre 
el uso de Depigoid®DUO en el embarazo ni durante el periodo de lactancia. No se recomienda iniciar tratamiento con Depigoid®DUO en una mujer embarazada. Si 
se produce el embarazo durante el tratamiento con Depigoid®DUO y la paciente presenta buena tolerancia y respuesta clínica, la inmunoterapia podrá continuarse 
previa consulta con el médico especialista. Éste realizará una valoración clínica de la paciente para decidir la continuidad o la interrupción de la inmunoterapia. 
Efectos sobre la capacidad para conducir y utilizar máquinas: En casos muy raros puede aparecer un ligero cansancio. Reacciones adversas: En caso de sobredosis 
accidental y/o pacientes muy sensibles, pueden presentarse reacciones adversas locales y/o sistémicas, tanto inmediatas (en los primeros 30 minutos siguientes a 
la inyección), como tardías (pasados los 30 primeros minutos tras la inyección). Ante la aparición de cualquier reacción adversa se deberá consultar con el médico 
prescriptor antes de proseguir el tratamiento. Puede ser necesario disminuir la dosis o aumentar los intervalos entre las dosis. Reacción local: Eritema, picor, 
tumefacción y/o calor en el lugar de la inyección. De manera tardía pueden aparecer nódulos subcutáneos en el lugar de la inyección. Estos nódulos son causados 
generalmente por el hidróxido de aluminio. Suelen desaparecer con el tiempo, pero pueden persistir semanas o meses. Reacción sistémica: Prurito generalizado, 
calor generalizado, urticaria, angioedema, tos, rinitis, conjuntivitis, asma leve/moderado, sabor metálico, debilidad, cefalea, disnea, sibilancias, broncoespasmo, 
estridor, trastornos gastrointestinales con hinchazón, vómitos, dolor abdominal, diarrea, malestar general, mareo, palpitaciones, sudoración, arritmias, hipotensión, 
sensación de muerte inminente, síncope, pérdida de control de esfínteres (incontinencia), colapso circulatorio, convulsiones y/o perdida de conciencia. Las 
reacciones adversas sistémicas pueden poner en peligro la vida del paciente, por lo que ante cualquier indicio de reacción sistémica inmediatamente después de la 
inyección, aunque sea leve, se debe administrar sin demora tratamiento sintomático antialérgico. En el caso de reacciones sistémicas graves (reacción anafiláctica), 
es fundamental administrar lo antes posible adrenalina, preferentemente por vía intramuscular, antihistamínicos, oxígeno, broncodilatadores inhalados, 
corticoesteroides y fluidoterapia. Se aconseja también en estos casos el traslado del paciente a un servicio de urgencias hospitalario para posterior observación. 
Pauta para la correcta administración de la adrenalina: La adrenalina se administrará preferentemente por vía intramuscular, a una concentración de 1/1.000 y a 
una dosis de 0,01 ml/kg de peso. Pauta orientativa en caso de ser necesaria una actuación rápida: niños de hasta 6 años: 0,15 ml; niños de 6 a 12 años: 0,3 ml; adultos: 
0,5 ml. En caso de persistencia de la reacción sistémica podrá repetirse la dosis cada 5-15 minutos, hasta la mejoría del paciente. Sobredosis: Un error en la 
administración del preparado que implique la inyección de una dosis inadecuada y/o la utilización de una vía de administración distinta a la subcutánea, pueden 
conducir a la aparición de reacciones adversas. PROPIEDADES FARMACOLÓGICAS. Grupo farmacoterapéutico: Extractos alergénicos. Código ATC V01AA. DATOS 
FARMACÉUTICOS: Lista de excipientes: Cloruro sódico, fenol, hidróxido de aluminio, agua para inyectables.Incompatibilidades: En ausencia de estudios de 
compatibilidad, este producto no debe ser mezclado con otros medicamentos. Periodo de validez: Observar la fecha de caducidad que consta en la etiqueta. 
Precauciones especiales de conservación: Almacenar en nevera (entre 2ºC y 8ºC). No congelar. Naturaleza y contenido del envase: Suspensión en viales de vidrio tipo 
I, con tapón de bromobutilo (sin látex) y cápsula de aluminio. FECHA DE REVISIÓN DEL TEXTO: Junio 2013.
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