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Abstract
Introduction:  Mucopolysaccharidosis  (MPS)  is  a  lysosomal  storage  disease  caused  by  deficiency
of �-l-iduronidase.  The  otolaryngological  findings  include  hearing  loss,  otorrhea,  recurrent  oti-
tis, hypertrophy  of  tonsils  and  adenoid,  recurrent  rhinosinusitis,  speech  disorders,  snoring,  oral
breathing  and  nasal  obstruction.
Objective:  To  evaluate  the  impact  of  enzymatic  replacement  therapy  with  laronidase
(Aldurazyme®)  in  patients  with  mucopolysaccharidosis  (MPS  I),  regarding  sleep  and  hearing
disorders,  and  clinical  manifestations  in  the  upper  respiratory  tract  (URT).
Methods:  Nine  patients  with  MPS  I (8  Hurler-Scheie,  and  1  Scheie  phenotypes)  of  both  sexes,
ages ranging  between  3  and  20  years,  were  included  in  this  study.  Patients  were  evaluated
between  seven  and  11  months  before  the  treatment  and  between  16  and  22  months  after  the
onset of  the  enzymatic  replacement.  They  were  all  submitted  to  a  clinical  and  otolaryngological
evaluation,  including  nasofibroscopical,  polysomnographic  and  audiologic  exams.

Results: The  results’  data  showed  decreasing  of  the  frequency  of  ear,  nose  and  throat  infec-
tions, with  improvement  of  the  rhinorrhea  and  respiratory  quality.  No  remarkable  changes

were observed  regarding  macroglossia  and  tonsil  and  adenoid  hypertrophy.  Audiometric  and
polysomnographic  evaluations  did  not  show  statistical  significance.
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Conclusion:  Enzymatic  replacement  therapy  in  patients  with  mucopolysaccharidosis  I  provides
control of  recurrent  URT  infections,  rhinorrhea  and  respiratory  quality,  however  it  is  does  not
seem to  improve  audiologic  and  polisomnographic  parameters,  with  no  effect  on  adenoid  and
tonsils hypertrophy  and  macroglossia.
© 2015  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).

PALAVRAS-CHAVE
Mucopolissacaridose  I;
Laronidase;
Terapia  de  reposição
enzimática;
Infecções do  TRS;
Apneia  do  sono;
Perda  auditiva

Impacto  do  tratamento  com  laronidase  nas  manifestações  otorrinolaringológicas
de  pacientes  com  mucopolissacaridose

Resumo
Introdução:  Mucopolissacaridose  (MPS)  é  uma  doença  de  depósito  lisossômico  causada  pela
deficiência  de  �-l-iduronidase.  Os  achados  otorrinolaringológicos  incluem  perda  auditiva,  otor-
reia, otites  de  repetição,  hipertrofia  adenotonsilar,  rinossinusite  recorrente,  distúrbios  da  fala,
roncos, respiração  bucal  e  obstrução  nasal.
Objetivo:  Avaliar  o  impacto  da  terapia  de  reposição  enzimática  com  laronidase  (Aldurazyme®)
em pacientes  com  mucopolissacaridose  I (MPS  I)  em  relação  ao  sono,  distúrbios  auditivos  e
manifestações clínicas  do  trato  respiratório  superior  (TRS).
Método:  Nove  pacientes  com  MPS  I  (oito  com  fenótipo  Hurler-Scheie  e  um  com  fenótipo  Scheie),
de ambos  os  sexos,  com  idades  variando  entre  3  e  20  anos,  foram  incluídos  neste  estudo.  Os
pacientes foram  avaliados  entre  7  e  11  meses  antes  do  tratamento  e  entre  16  e  22  meses
após o  início  da  reposição  enzimática.  Todos  foram  submetidos  a  uma  avaliação  clínica  e
otorrinolaringológica,  incluindo  nasofibroscopia,  polissonografia  e  exames  radiológicos.
Resultados:  Os  dados  dos  resultados  mostraram  diminuição  da  frequência  de  infecções  de
orelha, nariz  e  garganta,  com  melhora  da  rinorreia  e  da  qualidade  respiratória.  Mudanças
significativas  não  foram  observadas  em  relação  à  macroglossia  e  à  hipertrofia  adenotonsilar.
Avaliações audiométricas  e  polissonográficas  não  apresentaram  significância  estatística.
Conclusão:  A  terapia  de  reposição  enzimática  em  pacientes  com  mucopolissacaridose  I  fornece
controle de  infecções  recorrentes  do  TRS,  rinorreia  e  qualidade  respiratória,  porém,  não  parece
melhorar  os  parâmetros  audiológicos  e  polissonográficos,  ou  exercer  efeito  sobre  a  hipertrofia
adenotonsilar  e  macroglossia.
©  2015  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Publicado
por Elsevier  Editora  Ltda.  Este é  um  artigo  Open  Access  sob  uma  licença  CC  BY  (http://
creativecommons.org/licenses/by/4.0/).
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Introduction

Mucopolysaccharidosis  (MPS)  is  a  lysosomal  storage  disease
caused  by  deficiency  of  an  enzyme  involved  in  the  degra-
dation  of  glycosaminoglycans  (GAGs).  They  are  classified
according  to  the  involved  enzyme  and  GAG  in  seven  types:
I  (Hurler,  Hurler  Scheie  and  Scheie),  II  (Hunter),  III  (San-
fillipo),  IV  (Morquio),  VI  (Maroteaux  Lamy),  VII  (Sly)  e  IX
(Natowicz).1---3

MPS  I  is  caused  by  deficiency  of  �-l-iduronidase,  which
leads  to  intralysosomal  deposits  of  dermatan  and  heparan
sulfate.  It  is  an  autosomic  recessive  genetic  disease,  with
estimated  incidence  varying  from  1:100,000  for  severe  cases
to  1:800,000  for  cases  with  mild  manifestations.4

Clinical  manifestations  of  MPS  I  are  extremely  het-
erogeneous,  with  symptoms  that  evolve  in  many  ways,

from  very  mild  manifestations  of  late  development,  with-
out  cognitive  disorders,  and  high  life  time  expectation
(Scheie),  to  very  severe  cases  of  early  onset,  rapidly  pro-
gressive,  with  neural  degeneration  and  limited  capabilities

u
t
s

n  life,  usually  manifested  by  the  first  decade  (Hurler),
nd  passing  through  an  intermediary  level  of  severity
Hurler---Scheie).1,2,5

The  disease  may  involve  nervous,  skeleton,  digestive,
ardiac,  superior  and  inferior  respiratory  systems  presenting
ifferent  levels  of  severity  in  an  independent  manner.
egarding  the  otolaryngological  findings,  the  most  frequent
ymptoms  include  hearing  loss,  otorrhea,  recurrent  otitis,
ypertrophy  of  tonsils  and  adenoid,  recurrent  rhinosinusi-
is,  speech  disorders,  snoring,  oral  breathing  and  nasal
bstruction.1,2,6

Obstructive  sleep  apnea  and  hypopnea  syndrome  (OSAHS)
s  frequently  diagnosed  in  MPS  I  patients.  Obstructive  and
estrictive  factors  such  as  reduction  of  the  thoracic  volume
musculoskeletal  alterations),  restriction  of  the  diaphrag-
atic  movement  due  to  hepatosplenomegaly,  presence  of

telectasis  secondary  to  the  reduction  of  the  lung  vol-

me,  deposit  of  GAGs  into  the  pulmonary  interstitial  tissue,
racheal  stenosis,  vocal  cord  thickening,  adenoid  and  ton-
il  hypertrophy,  macroglossia,  short  neck,  thickened  high
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24  

ositioned  epiglottis,  presence  of  abundant  thick  nasal
ucous,  and  limited  mouth  opening  are  mainly  responsible

or  the  respiratory  disorders.6---11 Hearing  loss  is  also  com-
on  in  patients  with  MPS  I.  Although  the  nature  of  hearing

oss  may  be  conductive,  sensorineural  or  mixed,  conductive
earing  loss  is  more  frequent  and  can  be  explained  by  sev-
ral  factors,  such  as  the  thickening  of  the  middle  ear  mucus
nd  eardrum  produced  by  deposits  of  GAGs,  Eustachian  tube
bstruction,  ossicular  chain  malformation,  hypopneumati-
ation  of  the  temporal  bone  and  presence  of  thick  copious
ucus.  Mechanisms  to  explain  the  sensorineural  hearing  loss

re  unclear.  It  is  believed  that  a  progressive  hyperplasia  of
he  arachnoid  membrane  can  compress  the  cochlear  nerve,
nd  that  the  storage  of  GAGs  inside  neurovascular  struc-
ures  of  the  inner  ear,  along  with  alterations  of  the  hairy
ells  consequent  to  metabolic  disorders  usually  present  in
atients  with  MPS,  may  be  contributory  factors.2,9,12---17

Due  to  the  multisystem  involvement,  treatment  is  usu-
lly  multidisciplinary.  Until  the  1970s,  treatment  consisted
n  palliative  methods  to  improve  the  quality  of  life.  Cur-
ently,  the  two  principal  therapeutic  tools  of  MPS  I are
ased  on  enzymatic  replacement  (ERT)  and  transplantation
f  hematopoietic  cells  (HCT).  The  enzymes  produced  by
tem  cells  from  bone  marrow  or  umbilical  cord  restore  to
he  patient  the  ability  of  degradation.  Since  1981,  more  than
00  children  have  been  submitted  to  this  type  of  treatment.
he  HCT  produces  resolution  or  improvement  of  OSAHS  and
onductive  hearing  loss.  The  major  problem  related  to  this
reatment  is  the  high  rate  of  morbidity  and  mortality  (40%),
nd  the  difficulty  to  find  compatible  bone  marrow.  Because
f  the  high  risk  related  to  this  therapy,  it  is  restricted  to
hildren  with  severe  disease,  preferable  before  the  18th
onth  of  life,  when  the  CNS  alterations  usually  begin  to

ccur.18---21

Laronidase  (Aldurazyme®)  is  the  enzyme  used  in  MPS  I,
nd  it  is  produced  by  recombinant  DNA  technique.  Clini-
al  trials  with  ERT  have  shown  improving  of  the  respiratory
tatus.  It  was  approved  by  commercial  use  in  2003,  and
ince  then  more  than  330  patients  have  been  treated.22---26

lthough  improvement  of  the  respiratory  conditions  is  fre-
uently  mentioned  in  the  majority  of  the  reports,  few
tudies  have  addressed  the  hearing  problems  and  other  oto-
aryngological  findings  that  remain  unclear.27,28

The  individuals  included  in  this  study  are  part  of  the  first
linical  trial  of  treatment  of  MPS  I  with  laronidase  in  Brazil.

The  objective  was  to  evaluate  the  impact  of  ERT  with
aronidase  in  respiratory  and  audiological  manifestations  of
atients  with  MPS  I  and  clinical  manifestations  in  the  upper
espiratory  tract  (URT).

ethod

ine  patients  with  MPS  I  (no-Hurler  phenotype)  were  evalu-
ted  after  approval  of  the  Committee  of  Ethics  in  Research
protocol  0337/05).

Each  patient  received  52  infusions  of  laronidase,

.54  mg/kg/dose.

They  were  all  submitted  to  at  least  two  otolaryngological
valuations,  including  nasofibroscopic,  polysomnographic
nd  audiological  examination,  between  seven  and  11  months

t

i
b
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efore  and  between  16  and  22  months  after  the  beginning
f  the  treatment.

Tonsils  3  and  4  according  to  Brodsky  classification,  and
denoids  occupying  more  than  70%  of  the  choanae  were
onsidered  hypertrophic.29

The  data  obtained  from  polysomnographic  examination
PSG)  were  analyzed  according  to  the  parameters  defined
y  the  American  Thoracic  Society  (index  of  apnea  hipopnea
1  event/h  in  children  under  14  years  of  age  and  >5  events/h
n  older  children).30,31

Audiological  evaluation  was  accomplished  by  conven-
ional  audiometric  exam  alone  or  with  visual  reinforcement.
nalysis  of  the  data  was  based  on  SRT  (‘‘speech  reception
hreshold’’).  It  was  considered  normal  when  the  SRT  was

 or  equal  20  (dB).  Imitanciometric  curve  was  interpreted
ccording  to  Jerger  classification  (1970).32,33

Statistical  evaluation  was  analyzed  by  the  Friedman  test
non-parametric).  The  value  of  rejection  for  hypothesis  of
ullity  was  fixed  for  values  <  or  equal  0.05.  Significance  was
arked  as  (*).  Non-significant  (NS).

esults

rom  the  nine  patients  initially  evaluated,  two  did  not  return
or  the  second  visit  after  the  beginning  of  treatment  and
ere  not  included  in  the  statistical  analysis.  Four  patients
ere  female  and  five  male,  and  ages  ranged  between  3  and
0  years  (median  of  8  years).

One  patient  did  not  have  a  pre-treatment  polysomno-
raphic  exam  and  was  not  included  in  the  final  polysomno-
raphic  evaluation.

Three  patients  had  undergone  ENT  surgery  before  the
tart  of  this  study:  in  addition  to  myringotomy  with  ventilat-
ng  tube  placement,  one  patient  underwent  adenoidectomy
t  the  age  of  7,  one  patient  was  referred  to  adenotonsil-
ectomy  at  the  age  of  4  and  another  patient  held  elective
racheotomy  and  adenoidectomy  at  4  years  of  age.

Fig.  1  shows  that  nasal  obstruction,  snoring,  oral
reathing,  apnea,  rhinorrhea,  and  recurrent  URT  infections
mproved  with  ERT  in  practically  all  patients.

Otolaryngological  examination  showed  that  macroglossia
nd  appearance  of  the  tympanic  membrane  (retraction)  did
ot  change  after  ERT.  In  the  three  patients  without  tympanic
embrane  retraction,  two  had  patent  ventilating  tubes  in
lace.  All  patients  experienced  reduction  of  nasal  mucus
fter  ERT  (Fig.  2).

Naso-fiberscopic  examination  also  showed  reduction  of
he  nasal  secretion,  however,  reduction  of  tonsil  size  was
ot  observed  (Fig.  3).

The  results  obtained  by  audiometric  evaluation  are
hown  in  Table  1.  Statistical  analysis  did  not  demonstrate
ignificance  of  the  differences  between  pre-  and  post-ERT.

Tympanometry  was  performed  in  only  five  patients,  since
wo  had  bilateral  patent  ventilating  tubes  in  place  at  the
oment  of  the  evaluation.  In  the  first  evaluation  four  of

hem  presented  B-type  curve  and  one  patient  presented  A-

ype  curve,  remaining  unchanged  after  ERT.

Results  obtained  with  polysomnographic  exams  are  shown
n  Table  2. Statistical  analysis  did  not  show  significance
etween  the  parameters  pre-  and  post-therapy.
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Figure  1  Otolaryngological  symptoms  obtained  from  directed  anamnesis.

0

1

2

3

4

5

6

7

8

Macroglossia Nasal secretion Tympanic
membrane
retraction  

N
um

be
r 

of
 p

at
ie

nt
s

Otolaryngological findings

First evaluation pre treatment

Second evaluation pre treatment

Post treatment evaluation

ryngo

o

Figure  2  Otola

Discussion
Since  the  first  description  of  MPS,  at  the  beginning  of  the
20th  century,  the  knowledge  of  this  progressive  disease  of
large  phenotypic  diversity,  as  well  as  significant  limitation
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f  quality  and  expectancy  of  life  have  expanded  consider-

bly.  However,  despite  the  remarkable  improvement  of  the
nderstanding  of  its  natural  history  and  treatment,  many
uestions  remain  unsolved.  There  is  a  lack  of  information
egarding  the  evolution  of  non-treated  patients,  and  the
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Table  1  Results  of  STR  (dB).

Patients  1st  evaluation
pre  treatment

2nd  evaluation
pre  treatment

3rd  evaluation
post  treatment

RE  LE  RE  LE  RE  LE

1  30  35  15  20  20  15
2 20  20  25  25  20  30
3 50  60  50  60  65  55
4 55  50  60  35  55  35
5 80  60  90  95  75  80
6 45  50  75  70  80  70
7 75  75  60  60  55  70

r
t
p
T
a
t

h
p
t
T

h
i
o
p
l

t
r
b
e
a
i
a

t
r

i
d
o
4
h
r
r
i
p

t
m
t
r
w
r
I
f
p
a

t
a
h
e

Friedman’s test: �2 calc = 0.240; N.S., p = 0.887.

arity  and  large  phenotypic  heterogenicity  of  MPS  I  make
he  development  of  a  study  of  clinical  relevance  difficult,
articularly  due  to  the  diversity  of  clinical  presentations.
he  absence  of  specific  scores  and  biomarkers  represents
n  additional  problem  to  monitor  the  efficacy  of  any  kind  of
herapeutic  protocol.4

Most  of  the  studies  enrolling  patients  with  MPS  I  and  ERT
ave  addressed  more  advanced  stages  of  the  disease.  The
resent  study  is  prospective,  observational  longitudinal,  and
he  patients  were  already  presenting  established  lesions.
his  may  have  contributed  to  the  low  expressive  results.

Otolaryngological  complaints  (oral  breathing,  snoring,
earing  loss,  nasal  obstruction,  rhinorrhea,  recurrent  URT
nfections)  and  clinical  findings  (macroglossia,  hypertrophy
f  tonsils  and  adenoid,  nasal  secretion  and  retraction  of  tym-
anic  membrane)  are  frequently  reported  in  the  medical
iterature.8---12

In  our  study,  we  observed  a  decrease  in  frequency  of  prac-
ically  all  otolaryngologic  complains  after  ERT,  with  marked
eduction  in  rhinorrhea  and  URT  recurrent  infections.  We
elieve  that  the  reduction  of  the  GAG  deposits  in  the  middle
ar  and  URT,  and  consequent  improvement  of  the  nasal  flow
nd  Eustachian  tube  could  have  been  the  reason  for  such
mprovement.  Interestingly,  hypoacusia  frequency  increased
fter  ERT.
Most  of  our  results  are  similar  to  those  reported  in
he  literature.  In  phase  I/II  clinical  trials,  authors  have
eported  90%  of  the  patients  presenting  with  recurrent  URT

e
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Table  2  Apnea---hypopnea  indexes  (IAH)  and  time  of  sleep  with  o

Patients  IAH  

1st  2nd  3rd

1  10.9  12.3  12.
2 11.2  1.3  39.
3 0.3  0  0.
4 48.1  54.5  60.
5 9.3  14  10.
6 17.6  15.4  14.

Friedman’s test.
IAH, �2 calc = 1.826; N.S., p = 0.401.
Time of sleep with oxygen sat <90%, �2 calc = 0.087; N.S., p = 0.957.
nfections,  and  improvement  after  ERT.23 Sardón  et  al.
escribed  two  patients  under  ERT,  with  significant  reduction
f  the  tracheotomy  secretions  in  one  of  the  patients  after
0  weeks  of  laronidase,  although  no  improvement  of  the
ypoacusia  could  be  observed.28 Tokic  et  al.,  in  2007,
eported  two  cases  of  MPS  I  submitted  to  ERT,  with
emarkable  improvement  of  the  URT  recurrent  infections
n  both  patients,  and  also  improvement  of  the  audiological
arameters.29

Along  the  time,  naso-fiberoptic  examination  showed  con-
inuous  increase  of  hypertrophy  of  tonsils  and  adenoids,  as
uch  as  nasal  secretions,  in  evaluations  before  ERT.  After

he  beginning  of  ERT,  nasal  secretion  showed  important
eduction,  but  no  changes  regarding  tonsils’  hypertrophy
ere  observed.  There  are  no  references  in  the  literature

egarding  the  volume  of  the  tonsils  and  adenoids  in  MPS
 patients  submitted  to  ERT.  However,  some  authors  per-
ormed  tonsillectomy  and  adenoidectomy  in  at  least  five
atients  undergoing  ERT,  and  this  fact  may  reflect  the
bsence  of  improvement  of  this  clinical  parameter.27

Regarding  the  hearing  loss,  there  is  a  consensus  among
he  reports  that  MPS  I  patients  present  with  hypoacusia,  and
lthough  some  authors  report  improvement  after  HCT,  few
ave  evaluated  the  evolution  of  dysacusia  after  ERT.  Sardón
t  al.,  in  2005,  evaluated  two  patients  performing  brain

voked  response  audiometry  (BERA),  detecting  conductive
earing  loss  in  one.  The  patient  did  not  present  improve-
ent  after  ERT.23 Tokic  et  al.,  in  2007,  also  evaluated  two

xygen  saturation  inferior  to  90%.

T  sat  <  90%

 1st  2nd  3rd

3  2.7  12.5  12.5
3  2  0  7
4  10  20  32
6  100  91  94
6  3.4  7  2
1  2.3  0.2  0
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The  impact  of  laronidase  treatment  in  otolaryngological  ma

patients  hearing  by  using  traditional  audiometry.  A  mixed
conductive-sensorineural  hearing  loss  was  observed  in  one
patient,  with  no  changes  after  ERT,  and  conductive  hearing
loss  was  observed  in  the  other,  which  presented  improve-
ment  of  the  thresholds  from  30  dB  to  10  dB  in  one  ear  and
90  dB  to  60  dB  in  the  other  ear  after  ERT.29

One  hundred  percent  of  our  patients  presented  hearing
loss  of  varying  levels.  Two  patients  had  ventilation  tubes
in  place  and  were  not  submitted  to  tympanometry.  Type-B
curve  was  observed  in  80%  of  the  remaining  five  patients.
There  was  no  statistical  significance  of  the  values  between
just  before  and  after  ERT,  however,  according  to  the  medi-
ans,  it  was  possible  to  verify  that  the  hearing  loss  was  getting
worse  before  ERT,  and  had  a  slight  increase  after  treatment.
Along  with  the  improvement  of  the  URT  infections  and  rhin-
orrhea,  a  better  result  regarding  the  hearing  thresholds  was
also  expected,  but  possibly  other  factors  such  as  ossicular
chain  malformation,  thickening  of  the  middle  ear  mucosa,
and  Eustachian  tube  dysfunction  were  responsible  for  the
maintenance  of  the  audiological  status.  On  the  other  hand,
sensorineural  hearing  losses  are  usually  progressive  and  tend
to  worsen  the  audiologic  threshold  of  MPS  I patients,  even
during  ERT,  since  the  enzyme  does  not  cross  the  hematoen-
cephalic  barrier.17

When  first  submitted  to  polysomnographic  examination,
all  patients  presented  OSAHS,  except  one  patient  who  had
had  tracheostomy  before  the  beginning  of  the  study,  and  no
OSAHS  was  registered  in  any  occasion.  Overall,  the  results
did  not  show  statistical  difference  between  the  pre-  and
post-ERT  measurements,  however,  based  on  the  medians,  we
observed  that  the  polysomnographic  parameters  were  dete-
riorating  before  therapy  and  presented  stabilization  after
the  ERT.  This  phenomenon  was  also  observed  for  the  medians
of  the  time  of  oxyhemoglobin  under  90%.

According  to  the  literature  most  of  the  patients  improved
their  respiratory  status  after  ERT.  Phases  I/II  clinical  tri-
als  have  shown  that  all  patients  with  OSAHS  presented
reduction  of  the  IAH  after  52  weeks  of  ERT  (mean  of
2.1---1  event/h);  two  patients  had  reduction  of  sleep  time
with  oxygen  saturation  under  90%;  one  patient  had  improve-
ment  in  sleep  time.  After  six  years  of  follow-up,  five  out  of
six  patients  were  re-evaluated,  four  presented  improvement
or  stabilization  of  the  respiratory  status,  and  one  patient
was  worse.26

Phase  III  study  also  showed  reduction  of  the  IAH  in
patients  treated  with  enzyme  when  compared  to  a  placebo
group  (reduction  of  6  events/h  in  the  treated  group,  increase
of  0.3  event/h  in  the  placebo  group).  In  a  study  addressing
children  under  the  age  of  5  years,  reduction  of  8.5%  of  the
IAH  was  observed.  However,  among  six  patients  who  pre-
sented  normal  IAH  before  treatment,  four  remained  normal
and  two  got  worse  after  therapy.25 Tokic  et  al.  also  reported
normalization  to  the  IAH  in  two  patients  after  12  weeks
of  treatment,  along  with  improvement  of  the  respiratory
pattern.29

Few  isolated  reports,  however,  present  contrary  results
regarding  the  respiratory  quality.  Sardón  et  al.  had  a  patient
with  tracheotomy  who  did  not  show  improvement  of  the

respiratory  quality  after  ERT.23 Thomas  et  al.  described
a  severely  diseased  patient  treated  with  ERT  for  three
years  with  no  changes  on  the  progression  of  the  obstructive
picture.34
tations  of  patients  with  mucopolysaccharidosis  527

Due  to  the  progressive  pattern  of  MPS  I,  stabilization  or
eduction  of  lesions  and  speed  of  the  disease  progression  are
onsidered  as  benefits  from  the  therapy.2,26

When  a  questionnaire  is  completed  by  the  patients,  stud-
es  have  shown  improvement  in  daily  activities  performance.
ur  patients  have  also  described  a  general  improvement,
ven  regarding  the  hypoacusia,  sleep  and  respiratory  qual-
ty,  which  we  could  not  demonstrate  through  the  results
f  the  objective  exams  (audiometric  and  polysomnographic
valuations).

Current  challenges  for  ERT,  besides  the  development  of
n  early  diagnostic  protocol  (neonatal  screening  test),  con-
ist  of  prediction  of  the  severity  of  the  disease,  in  order  to
ake  an  adequate  choice  of  treatment,  to  develop  an  ade-
uate  treatment  for  the  neuropathies,  and  to  find  ways  for
n  effective  monitoring,  with  specific  instruments  to  quan-
ify  the  improvement  of  life  quality  as  well  as  efficacy  and
ffectiveness  of  the  employed  therapy.  Longer  follow-ups
an  also  contribute  to  the  knowledge  of  the  side  effects  of
he  ERT  as  much  as  the  evaluation  of  the  evolution  of  each
ystem  in  order  to  plan  associated  treatment  programs.2,35,36

Although  this  was  a  study  project  of  a  small  sampling,
verall  there  was  a  remarkable  improvement  of  the  quality
f  life  of  patients  and  a  high  level  of  satisfaction  by  the
elatives  and  health  care  professionals  produced  by  the  ERT.

onclusion

ccording  to  the  results  obtained  from  this  study,  we
bserved  that  MPS  I  patients  submitted  to  ERT  with
aronidase  (Aldurazyme®)  present  improvement  of  the  URT
ecurrent  infections,  rhinorrhea,  and  general  respiratory
tatus,  without  however  presenting  expressive  and  signifi-
ant  improvement  of  the  hearing  loss,  tympanometric  curve
attern,  sleep  disorders,  macroglossia  and  tonsils  and  ade-
oid  hypertrophy.

onflicts of interest

he  authors  declare  no  conflicts  of  interest.

eferences

1. Neufeld EF, Muenzer J. The mucopolysaccharidoses. In: Scriver
CR, Blaudet AL, Sly WS, Valle D, editors. The metabolic bases
of inherited disease. 8th ed. New York: McGraw Hill; 2001.
p. 3421---52.

2. Wraith JE. The first 5 years of clinical experience with
laronidase enzyme replacement therapy for mucopolysaccha-
ridosis I. Expert Opin Pharmacother. 2005;6:489---506.

3. Martins AM. Mucopolissacaridoses: Manual de Orientações; 2003
http://www.unifesp.br/centros/creim/downloads/gz-mps-
apostila-2003.pdf

4. Pastores GM, Arn P, Beck M, Clarke JTR, Guffon N, Kaplan P,
et al. The MPS I Registry: design, methodology and early
findings of a global disease registry for monitoring patients
with mucopolysaccharidosis type I. Mol Genet Metabol.

2007;91:37---47.

5. Wraith JE, Hopwood JJ, Fuller M, Meikle PJ, Brooks DA.
Laronidase treatment of mucopolysaccharidosis I. Biodrugs.
2005;19:1---7.

http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0185
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0190
http://www.unifesp.br/centros/creim/downloads/gz-mps-apostila-2003.pdf
http://www.unifesp.br/centros/creim/downloads/gz-mps-apostila-2003.pdf
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0200
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0205


5

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

28  

6. Nayak DR, Balakrishnan R, Adolph S. Endoscopic adenoidectomy
in a case of Scheie syndrome (MPS IH). Int J Pediatr Otorhino-
laryngol. 1998;44:177---81.

7. Brady RO. Enzyme replacement for lysosomal diseases. Annu
Rev Med. 2006;57:283---96.

8. Leighton SEJ, Papsin B, Vellodi A, Dinwiddie R, Lane R.
Disordered breathing during sleep in patients with mucopolysac-
charidoses. Int J Pediatr Otorhinolaryngol. 2001;58:127---38.

9. Ruckenstein MJ, MacDonald RE, Clarke JTR, Forte V. The
management of otolaryngological problems in the mucopolysac-
charidoses: a retrospective review. J Otolaryngol. 1991;20:
177---83.

0. Semenza GL, Pyeritz RE. Respiratory complications of
mucopolysaccharide storage disorders. Medicine. 1988;67:
209---19.

1. Shapiro J, Strome M, Crocker AC. Airway obstruction and sleep
apnea in Hurler and Hunter syndromes. Ann Otol Rhinol Laryn-
gol. 1985;94:458---61.

2. Gocer C, Linthicum FH. Hurler disease. Otol Neurotol. 2004;25:
81---2.

3. Bredenkamp JK, Smith ME, Dudley JP, Williams JC, Crum-
ley RL, Crockett DM. Otolaryngologic manifestations of the
mucopolysaccharidoses. Ann Otol Rhinol Laryngol. 1992;101:
472---8.

4. Friedmann I, Spellacy E, Crow J, Watts RWE. Histopathological
studies of the temporal bones in Hurler’s disease. J Laryngol
Otol. 1985;99:29---41.

5. Hayes E, Babin R, Platz C. The otologic manifestations of
mucopolysaccharidosis. Am J Otol. 1980;2:65---9.

6. Komura Y, Kaga K, Ogawa Y, Yamaguchi Y, Tsuzuku T, Suzuki
JI. ABR and temporal bone pathology in Hurler’s disease. Int
J Pediatr Otorhinolaryngol. 1998;43:179---88.

7. Schachern PA, Shea DA, Papparella MM. Mucopolysaccharidosis
IH (Hurler’s Syndrome) and human temporal bone histopatho-
logy. Ann Otol Rhinol Laryngol. 1984;93:65---9.

8. Guffon N, Souillet G, Maire I, Straczek J, Guibaud P. Follow
up of nine patients with Hurler syndrome after bone marrow
transplantation. J Pediatr. 1998;33:119---25.

9. Malone BN, Whitley CB, Duvall AJ, Belani K, Sibley RK, Ram-
say NKC, et al. Resolution of obstructive sleep apnea in Hurler
syndrome after bone marrow transplantation. Int J Pediatr
Otorhinolaryngol. 1988;15:23---31.

0. Papsin BC, Vellodi A, Bailey CM, Ratcliffe PC, Leighton SEJ.
Otologic and laryngologic manifestations of mucopolysaccha-
ridoses after bone marrow transplantation. Otolaryngol Head
Neck Surg. 1998;118:30---6.
1. Peters C, Steward CG. Hematopoietic cell transplantation
for inherited metabolic diseases: an overview of outcomes
and practice guidelines. Bone Marrow Transplant. 2003;31:
229---39.

3

Dualibi  AP  et  al.

2. Kakkis ED, Muenzer J, Tiller GE, Waber L, Belmont J, Passage M,
et al. Enzyme replacement therapy in mucopolysaccharidosis I.
N Engl J Med. 2001;344:182---8.

3. Clarke LA, Wraith JE, Beck M, Kolodny EH, Pastores GM, Muen-
zer J. Aldurazyme® enzyme replacement therapy for MPS I:
48-week extension data. Am J Hum Genet. 2003;73:623.

4. Wraith JE, Clarke LA, Beck M, Kolodny EH, Pastores GM, Muenzer
J, et al. Enzyme replacement therapy for mucopolysaccha-
ridosis I: a randomized, double-blinded, placebo-controlled,
multinational study of recombinant human a-l-iduronidase
(laronidase). J Pediatr. 2004;144:581---8.

5. Sifuentes M, Doroshow R, Hoft R, Mason G, Walot I, Diament M,
et al. A follow-up study of MPS I patients treated with laronidase
enzyme replacement therapy for 6 years. Mol Genet Metabol.
2007;90:171---80.

6. Wraith JE, Beck M, Lane R, Ploeg A, Shapiro E, Xue Y,
et al. Enzyme replacement therapy in patients who have
mucopolysaccharidosis I and are younger than 5 years: results
of a multinational study of recombinant human alpha-l-
iduronidase (laronidase). Pediatrics. 2007;120:e37---46.

7. Sardón O, Pardos CG, Mintegui J, Ruiz EP, Coll MJ, Chabás
A, et al. Evolución de dos pacientes con Síndrome de Hurler
en tratamiento con enzima recombinante humana alpha-l-
iduronidasa. An Pediatr (Barc). 2005;63:61---7.

8. Tokic V, Barisic I, Huzjak N, Petkovic G, Fumic K, Paschke E.
Enzyme replacement therapy in two patients with an advanced
severe (Hurler) phenotype of mucopolysaccharidosis I. Eur J
Pediatr. 2007;166:727---32.

9. Brodsky L. Modern assessment of tonsils and adenoids. Pediatr
Clin North Am. 1989;36:1551---71.

0. American Thoracic Society. Indications and standards
for cardiopulmonary sleep studies. Am Rev Respir Dis.
1989;153:866---78.

1. American Thoracic Society. Indications and standards for car-
diopulmonary sleep studies in children. Am J Respir Crit Care
Med. 1996;139:559---68.

2. Pereira LD, Ziliotto KN. Logoaudiometria. In: Campos CAH,
Costa HOO, editors. Tratado de Otorrinolaringologia da
Sociedade Brasileira de ORL. 1st ed. São Paulo: Editora Roca;
2002. p. 490---9.

3. Jerger J. Clinical experience with impedance audiometry. Arch
Otolaryngol. 1970;92:311---24.

4. Thomas JA, Jacobs S, Kierstein J, Van Hove J. Outcome after
three years of laronidase enzyme replacement therapy in a
patient with Hurler syndrome. J Inherit Metab Dis. 2006;29:762.

5. Millington DS. Newborn screening for lysosomal storage disor-

ders. Clin Chem. 2005;51:808---9.

6. Terlato NJ, Cox GF. Can mucopolysaccharidosis type I disease
severity be predicted based on a patient’s genotype? A compre-
hensive review of the literature. Genet Med. 2003;5:286---94.

http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0210
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0215
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0220
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0225
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0230
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0235
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0240
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0245
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0250
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0255
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0260
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0265
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0270
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0275
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0280
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0285
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0290
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0295
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0300
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0305
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0310
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0315
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0320
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0325
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0330
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0335
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0340
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0345
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0350
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0355
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360
http://refhub.elsevier.com/S1808-8694(15)00244-X/sbref0360

	The impact of laronidase treatment in otolaryngological manifestations of patients with mucopolysaccharidosis
	Introduction
	Method
	Results
	Discussion
	Conclusion
	Conflicts of interest
	References


