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Abstract
Introduction:  Gait  impairment,  a  frequent  sign  in  multiple  sclerosis  (MS),  places  a  major  bur-
den on  patients  since  it  results  in  progressive  loss  of  personal  and  social  autonomy,  along  with
work productivity.  This  guide  aims  to  provide  recommendations  on  how  to  evaluate  gait  impair-
ment and  use  prolonged-release  fampridine  (PR-fampridine)  as  treatment  for  MS patients  with
gait impairment  in Spain.
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Development:  PR-fampridine  dosed  at  10  mg  every  12  hours  is  currently  the  only  drug  approved
to treat  gait  impairment  in  adults  with  MS.  Additionally,  PR-fampridine  has been  shown  in clini-
cal practice  to  significantly  improve  quality  of life  (QoL)  in patients  who  respond  to  treatment.
Treatment response  can  be  assessed  with  the  Timed  25-Foot  Walk  (T25FW)  or  the  12-item  MS
Walking  Scale  (MSWS-12);  tests  should  be completed  before  and after  starting  treatment.  The
minimum time  recommended  for  evaluating  treatment  response  is  2 weeks  after  treatment
onset. Patients  are  considered  responders  and  permitted  to  continue  the treatment  when  they
demonstrate  a  decrease  in  their  T25FW  time  or  an  increase  in  MSWS-12  scores.  A re-evaluation
is recommended  at least  every  6 months.  The  SF-36  (Short  Form-36)  and  the  MSIS-29  (MS  Impact
Scale-29) tests  are  recommended  for  clinicians  interested  in  performing  a  detailed  QoL  assess-
ment. This  drug  is generally  well-tolerated  and  has  a  good  safety  profile.  It  should  be  taken  on
an empty  stomach  and  renal  function  must  be monitored  regularly.
Conclusions:  These  recommendations  will help  ensure  safer  and  more  efficient  prescription
practices  and  easier  management  of  PR-fampridine  as  treatment  for  gait  impairment  in Spanish
adults with  MS.
© 2015  Sociedad  Española de Neuroloǵıa.  Published  by  Elsevier  España, S.L.U.  This  is  an  open
access article  under  the  CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Guía  de tratamiento  del  deterioro  de  la  marcha  con  fampridina  de liberación
prolongada  (Fampyra®)  en  pacientes  con  esclerosis  múltiple

Resumen
Introducción:  La  alteración  de la  marcha  es  frecuente  en  la  esclerosis  múltiple  (EM)  y  tiene
un gran  impacto  negativo  en  los  pacientes  pues  conlleva  a  la  pérdida  progresiva  de  autonomía
personal y  social,  y  de  productividad  laboral.  Esta  guía  pretende  establecer  recomendaciones
para la  evaluación  del deterioro  de la  marcha  y  el uso  de fampridina  de liberación  prolongada
(fampridina-LP)  como  tratamiento  de  pacientes  con  EM  y  deterioro  de  la  marcha  en  España.
Desarrollo:  Fampridina-LP  a dosis  de 10  mg  cada  12  h  es  actualmente  el  único  fármaco
autorizado  para  mejorar  el  trastorno  de la  marcha  en  adultos  con  EM.  En  la  práctica  clínica,
el fármaco  ha  demostrado  además  que  mejora  de forma  significativa  la  calidad  de  vida  de  los
pacientes que  responden  al  tratamiento.  La  respuesta  se  puede  evaluar  mediante  la  prueba
cronometrada  de  la  marcha  de 25  pies  (T25FW)  o  el cuestionario  MSWS-12  que  deben  realizarse
antes y  después  del  inicio  del tratamiento.  El  tiempo  mínimo  recomendado  para  evaluar  la
respuesta  inicial  es  de 2  semanas.  Para  considerar  a  un  paciente  como  respondedor  y  contin-
uar el tratamiento  debe  presentar,  según  indica  la  ficha  técnica,  una disminución  en  el  tiempo
T25FW o  mejoría  en  el  MSWS-12.  Se  recomienda  realizar  las  revaluaciones  al  menos  cada  6
meses. En  los  casos  en  que  se  considere  la  valoración  de la  calidad  de  vida,  se  recomienda  la
utilización del  cuestionario  de  salud  Short  Form-36  (SF-36)  o  la  escala  MS  Impact  Scale-29  (MSIS-
29). Es  un fármaco  en  general  bien tolerado  y  con  buen  perfil  de seguridad.  Se  recomienda  su
administración  en  ayunas  y  control  periódico  de  la  función  renal.
Conclusiones:  Estas  recomendaciones  permiten  garantizar  una  prescripción  eficiente  y  más
segura, y  ayudan  al  manejo  de fampridina-LP  como  tratamiento  del  deterioro  de la  marcha  en
pacientes adultos  con  EM  en  España.
©  2015  Sociedad  Española  de Neuroloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction

Multiple  sclerosis  (MS)  is  a  chronic inflammatory  autoim-
mune  disease  of  the central  nervous  system  whose  aetiology
is  yet  to be  determined.  In  MS,  the immune  system
attacks  the  myelin  sheaths,  oligodendrocytes,  and axons,
causing  neurological  deficits  and  physical  and  cognitive
impairment.1 MS has  traditionally  been  classified  by  clinical
course  into  relapsing-remitting  (RR),  secondary  progres-
sive  (SP),  primary  progressive  (PP),  or  progressive  relapsing

(PR).2 A new  classification  of clinical  phenotypes  of  MS
(by  disease  activity  and progression:  clinically  isolated
syndrome,  RRMS,  and  progressive  MS)  has recently  been  pro-
posed,  with  phenotypes  established  according  to  clinical  and
MRI  data.3 MS is  2  to  3 times  more  common  in women  than
in men  and  is  usually  diagnosed  between  ages  20  to  40.
There  are estimated  to  be  46  000 patients  with  MS in  Spain
(prevalence  of  100 cases  per  100 000 population).  The  inci-
dence  of  MS in  Spain  is  estimated  at  ≥4 cases  per  100 000
person-years.4
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Reduced  mobility,  and  more  specifically  difficulty  walk-
ing,  is  frequent  in MS and  has  a major  impact  on  patients’
lives.5 Walking  is  one  of  the  most  valued  functions  for
patients.  MS-related  gait  alterations  involve  considerable
economic  and  social  burden,  leading  to  progressive  loss  of
productivity  and  independence.5,6

This  study  provides  a series  of  recommendations  for  the
evaluation  of gait impairment  and  treatment  of  this  manifes-
tation  with  prolonged-release  fampridine  (PR-fampridine)  in
patients  with  MS in Spain.

Methods

Spanish  experts  in MS established  the most  relevant  topics
to  be  addressed  in these  treatment  guidelines  with  a  view
to  establishing  clinical  recommendations  for  the evaluation
and  treatment  of walking  disability  in patients  with  MS.
Treatment  recommendations  focus  on  PR-fampridine,  the
only  drug  currently  approved  by  the European  Medicines
Agency  and the United  States  Food  and  Drug  Administra-
tion  for  improving  walking  ability  in patients  with  MS.7,8 We
also  conducted  a  literature  review  to  analyse  the  use  of  PR-
fampridine  in clinical  trials  and  observational  studies  based
on  normal  clinical  practice.

Development

Impact  of gait  impairment  on  patients  with  MS

Gait  impairment  results  from  the combination  of  multi-
ple  frequent  symptoms  of MS,  including  fatigue,  weakness,
impaired  sensitivity,  spasticity,  ataxia,  and  imbalance.9,10

According  to  the  literature,  mobility  is  reduced  to  some
extent  in  nearly  90%  of  patients  with  MS.5,11 Walking  dis-
ability,  however,  affects  over  two-thirds  of these  patients.5

We  now  know  that  nearly  50%  of  patients  will  require
some  degree  of  walking  assistance  after  15  years  of  dis-
ease  progression.3,9 Although  gait impairment  has  been
observed  to  increase  in line  with  disability  and disease
progression,  patients  with  Expanded  Disability  Status  Scale
(EDSS)  scores  <  3.5  may  also  experience  considerable  gait
alterations.10,12

Multiple  studies  have shown  the negative  impact  of MS on
health-related  quality  of life  (HRQoL),13,14 and suggest  that
preserving  adequate  physical  function  and walking  ability
significantly  reduces  this  impact.9,10,15

In  comparison  to pain  or  other  cognitive  or  visual
alterations,3,16—20 gait  impairment  results  in greater  losses
of  HRQoL  in patients  with  MS  since  it has  a negative  impact
on  patients’  independence  in the  activities  of  daily  living
(91%),  self-esteem  (84%),  working  life  (83%),  and  mobil-
ity  (87%).15 Furthermore,  loss  of  mobility  is  independently
correlated  with  high  Instrumental  Activities  of  Daily  Living
(IADL)  scale  scores  and  is  associated  with  a decrease  in
socioeconomic  status.9,21 The  need  for a  carer  is  twice  as
frequent  in  patients  with  walking  disability  as  in  the  general
population  with  MS  (37%  vs  18%).  The  condition  affects  not
only  patients’  HRQoL  but  also  carers’  QoL.9,22

Pharmacological  treatment  of gait  impairment

Most  traditional  treatments  for  gait  impairment  in MS
are  non-pharmacological  and  include  physical  therapy  and
orthopaedic  devices,  which  may  increase  the stigmatisation
of patients.

From  a pharmacological  viewpoint,  disease-modifying
treatments,  which  focus  on  preventing  relapses  and  delay-
ing  the  progression  of  disability,  may  partially  stabilise  the
progression  of  gait  impairment  but  do not  normally  improve
gait.

Symptomatic  treatment,  on  the  other  hand,  focuses  on
improving  symptoms,  providing  functional  improvements,
and  increasing  patients’  HRQoL.23

Some  symptomatic  medications  used  to  improve  symp-
toms  associated  with  gait  impairment  include baclofen,
tizanidine,  botulinum  toxin,  and  nabiximols  (a cannabis
derivative  containing  delta  9-tetrahydrocannabinol  and
cannabidiol)  for  spasticity24,25;  gabapentin  and pregabalin
for  pain26;  and beta-blockers  and botulinum  toxin  for
tremor.27 None  of these  drugs  has  been  proven  in clin-
ical trials  to  significantly  improve  gait  in patients  with
MS,  and  none of  them is  specifically  indicated  for gait
impairment.

PR-fampridine  is  currently  the only authorised  treatment
for improving  walking  ability  in adults  with  MS.8,28

Pharmacokinetic  and pharmacodynamic  properties
of PR-fampridine

Axonal  demyelination  exposes  voltage-dependent  potassium
(K+) channels  in  the  axon membrane,  leading  to  increased
K+ current  from  the axon,  which  results  in  action  potential
conduction  delay  or  block.19,29

PR-fampridine,  whose  active  ingredient  is  prolonged-
release  4-aminopyridine  (4-AP),  is  a  broad-spectrum
voltage-dependent  K+ channel  blocker  which  can  increase
action  potential  propagation  in demyelinated  axons.8,28 The
compound,  which  is  lipid  soluble,  crosses  the  axon  mem-
brane,  blocking  the exposed  K+ channels;  this  decreases  K+

loss, increases  action  potentials  and  conduction,  and pro-
motes  synaptic  and neuromuscular  transmission  of  nerve
signals.28,30

PR-fampridine  is  characterised  by  linear  pharmacokinet-
ics.  It is  completely  absorbed  from  the gastrointestinal  tract;
PR-fampridine  is  absorbed  more  slowly  than immediate-
release  4-AP  (IR-4-AP).8 This  decreases  peak  plasma
concentration  by  50%, which  consequently  reduces  dose-
related  adverse  effects.16

A recent  study  by  Jensen  et  al.31 analysed  the safety
of  PR-fampridine  and  IR-4-AP  in all human  clinical  trials.
Studies  of  IR-4-AP  and  PR-fampridine  vs  placebo  caused
adverse  effects  in 9.60%  and  1.64%  of the cases,  respectively.
Although  most adverse  effects  of  these  2  oral-route  drugs
are  of  mild  to  moderate  severity,  IR-4-AP  tends  to  cause
severe  adverse  effects  more  frequently.

PR-fampridine  should  be  administered  under  fast-
ing  conditions:  administration  with  food  increases  peak
plasma  concentration,  leading  to  increased  risk  of  adverse
effects.8,32
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Over  97%  of  PR-fampridine  does  not bind  to  plasma
proteins,8 and approximately  10%  is  metabolised  by
cytochrome  P450  2E1.  Its  2 main  metabolites  have  no  phar-
macological  activity  against  K+ channels.8,28,32 The  major
route  of  elimination  for PR-fampridine  is  renal  excretion.
Nearly  90%  of the drug  is  excreted  intact within  24  hours;
this  drug  should  therefore  be  used  with  caution  in patients
with  renal  insufficiency.8,16,28,32

Pharmacological  recommendations  for
PR-fampridine:  candidate  patient  and  assessment
of response

According  to  the  summary  of  product  characteristics,  PR-
fampridine  is  indicated  for improving  walking  in adult  MS
patients  scoring  4.0  to  7.0 on  the  EDSS.8 Evidence  sup-
ports  the  idea  that  the  effectiveness  of  PR-fampridine  is
independent  of  the  type  of  MS,  the disease-modifying  drug
administered,  disease  duration,  and  the  main  demographic
variables.20,23,33

The  recommended  dose of  PR-fampridine  is 10  mg  (1
tablet)  every  12  hours.  The  drug should  not  be  adminis-
tered  with  food,  or  more  frequently  or  at higher  doses  than
recommended.8

Treatment  response  should  be  assessed  with  the Timed
25-Foot  Walk  (T25FW)  test  and the  12-item  MS Walking  Scale
(MSWS-12)  (Fig.  1).  These  tests  should  be  conducted  at
baseline  (before  starting  treatment)  and  some  time  after
treatment  initiation  in order  to be  able  to  make  an objective
comparison  and  assessment  of  treatment  response.  When
deemed  appropriate,  the impact  of  walking  disability  on QoL
may  also  be  assessed;  the 36-item  Short Form  Health  Survey
(SF-36)  and  the MS Impact  Scale-29  (MSIS-29)  may  be used
for  this  purpose.34—37

According  to  the  summary  of product  characteristics,
patients  are  considered  responders  and eligible  for  con-
tinuing  treatment  when they  display  a decrease  in T25FW
completion  time38,39 (a decrease  of  20%  or  over  is  considered
clinically  significant40)  or  in  MSWS-12  scores37 (6.9  points  or
over41)  after  the evaluation  period.

Initial  response  to  PR-fampridine  should  be  assessed  after
2  weeks,  the  time  which  is  normally  necessary  to  observe  the
effects  of  the  drug  on gait.7,32,42 Clinical  practice  has  shown
that  some  patients  display  slow  response  to  PR-fampridine.
Exceptionally,  initial  assessment  may  be  delayed  until  the
4-week  mark  in  these  cases.  Treatment  should be  continued
in  responders  and  discontinued  in  non-responders.

Response  to  treatment  in responder  patients  should
be  re-evaluated  at least every  6  months,  comparing
follow-up  results  with  baseline  status.  Administration  of PR-
fampridine  should  be  discontinued  if  a patient  who  was
initially  responsive  ceases  to  show  improvements  in walking
in  a  6-month  follow-up  assessment.  In these  cases,  physi-
cians  should  aim  to  detect  the presence  of  any  intercurrent
processes  associated  with  MS (relapses,  progression)  or  of
other  origin  (e.g.  infections)  that  may  have  contributed  to
gait  impairment.  Patients  with  intercurrent  processes  should
receive  appropriate  treatment;  evaluation  based  on the new
baseline  status  may  be  resumed  following  a 2-week  wash-out
period  (Fig.  2 ).

Efficacy  of PR-fampridine

Clinical  trials
The  efficacy  of  PR-fampridine  has been  demonstrated  in
multiple  clinical  trials.  The  first  trial,  published  by  Schwid
et  al.,43 included  10  patients  with  MS;  patients  received
either  placebo  or  17.5  mg PR-fampridine  twice  daily  for  one
week.  According  to  their  results,  PR-fampridine  had  a signif-
icant,  positive  effect  (P  =  0.02)  on  gait  speed  and  improved
muscle  strength  according  to  the Lower  Extremity  Manual
Muscle  Test  (LEMMT).43

Goodman  et  al. subsequently  published  a trial  of  the
efficacy  of PR-fampridine44 after their  2007  dose-ranging
trial  of  the  safety  of  the  drug.45 The  former  trial,  a multi-
centre,  randomised,  double-blind,  placebo-controlled  phase
II  study,  examined  the  efficacy  and  safety  of  3 different
doses  of  PR-fampridine  (10,  15,  and  20  mg)  administered
twice  daily  for  15  weeks  in 206 patients  with  MS.44 In  this
study,  walking  speed  increased  by  over  20%  in  the T25FW
in  23.5%,  26.0%,  and  15.8%  of  the  patients  receiving  10,
15,  and 20  mg  of  PR-fampridine,  compared  to  only  12.8%  of
patients  in  the placebo  group.  Responders  in the  treatment
groups  displayed  an increase  in walking  speed  of between
25%  and  29%,  compared  to  4%  in controls.  The  authors  con-
cluded  that the most  appropriate  dose  of  PR-fampridine
for  the  treatment  of  these  patients  was  10  mg  every
12  hours.

The  same  research  group  subsequently  published  2  mul-
ticentre,  double-blind,  placebo-controlled  phase  III trials
evaluating  the efficacy  and safety of  PR-fampridine  in
patients  with  MS and  gait  alterations.7,42 In  the  2009  trial,
301  patients  were  randomised  at a  3:1  ratio, and admin-
istered  either 10  mg  PR-fampridine  or  placebo  twice  daily
for  14  weeks.  Around  34.8%  of  the  patients  receiving  PR-
fampridine  were  responders  (mean  increase  in walking
speed  of  25.2%  and  a mean  change  in MSWS-12  scores  of
−6.8).  In the placebo  group,  in contrast,  8.3%  of  patients
were  responders  (mean  increase  in  walking  speed  of 4.7%
and  mean  change  in  MSWS-12  scores  of  +1.4).42

In  the 2010  trial,  239 patients  were randomised  at a
1:1  ratio,  and  administered  either  10  mg PR-fampridine  or
placebo  twice  daily  for  9 weeks.  A total  of  42.9%  of  the
patients  treated  with  PR-fampridine  responded  to  treat-
ment  (mean  increase  in walking  speed  of  24.7%  and  a  mean
change  in MSWS-12  scores  of  −6.04), compared  to  15.3%  of
responders  in the  placebo  group  (mean  increase  in walk-
ing speed  of  9.3%  and a mean  change  in MSWS-12  scores
of  +1.3).7

Experience  in clinical  practice
PR-fampridine  was  authorised  in 2010  in the  US and  in  2011
in  Europe  for  improving  walking  ability  in patients  with  any
type  of  MS.8 Observational  studies  began  to  be  published
in  2013;  these  studies  were  based  on  clinical  practice  and
followed  the recommendations  of the  summary  of  product
characteristics  of  PR-fampridine.

An  observational  study  conducted  in  Germany  assessed
52  MS patients  over 9 to  12  months; 58%  of  these  were  still
receiving  the  treatment  by  the end  of  the study  period  due
to  demonstrable  clinical  improvement,  treatment  adher-
ence,  and lack  of  adverse  effects.  More  specifically,  patients
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∗ Clinically significant benefits: ≥ 20% improvement in T25FW scores vs baseline (week 0)40 or a decrease of at least 

6.9 in MSWS-12 scores.41

† Exceptionally, the first follow-up assessment can be performed at 3 or 4 weeks after treatment onset in slow responders.  

‡  In patients who have previously been shown to benefit from PR-fampridine: if the patient’s condition worsens, the 

potential causes should be determined and treated. The patient should undergo a 2-week wash-out period, be re-evaluated,

 and start a new cycle (with the new baseline T25FW and MSWS-12 scores).  

# OCT2 inhibitors: amprenavir, ciclosporin, cimetidine, dexamethasone, dipyridamole, esomeprazole, estradiol, famotidine, 

guanidine, hydrocortisone, ketoconazole, lansoprazole, levofloxacin, N-methylnicotinamide, ofloxacin, omeprazole, pantoprazole, 

pyrimethamine, probenecid, procainamide, quinidine, rabeprazole, ranitidine, ritonavir, testosterone, tipranavir, trimethoprim, 

verapamil, zidovudine.

Patients with MS and walking disability (EDSS scores 4-7)

Renal dysfunction?

Risk of epileptic seizure?

Treatment with OCT2 inhibitors? #

0 weeks

Other treatment 

alternatives

2 weeks: wash-out and 

re-evaluation

Clinical 

benefit*

6 months 

(minimum)

Continue 

treatment

No

Yes

Worsening‡

Assessment:

T25FW

MSWS-12

2 weeks†

No

Start 

treatment

Yes

Figure  1  Proposed  algorithm  for  initiation  and  evaluation  of  treatment  with  PR-fampridine  in patients  with  MS and  walking
disability.

showed  improvements  in  T25FW  and  the  Fatigue  Scale  for
Motor  and  Cognitive  Functions  (FSMC)  at 2 weeks  from  treat-
ment  onset  and at the end  of  the follow-up  period,  increased
walking  speed  (maximum  walked  distance/time)  at 2 weeks,
and  improvements  in  Paced  Auditory  Symbols  Audition  Test
(PASAT)  scores  at the end  of  follow-up.46

In  the  US,  Cameron  et  al.47 conducted  an  observational
study  including  39  patients  who  were  treated  for  12  months.
Sixty-two  percent  of  the patients  continued  treatment  after
3-4  weeks,  showing  significant  improvements  in the  T25FW
test  at  6-8  weeks,  and  in the MSWS-12  and the  2-Minute
Timed  Walk  (2MTW)  test  at 6-8  weeks  and  at one  year.47

In  an  observational  study  conducted  in Austria,  which
included  67  patients,  71.6%  of  the sample  were  still  receiv-
ing  the  treatment  at 6  months  since  they  perceived  clinical
benefits  and  had experienced  no  adverse  effects.48 Four
weeks  after  starting  treatment  with  PR-fampridine,  32.8%

of  the patients  walked  ≥20%  faster  (T25FW  test) and  65.7%
showed  improvements  in MSWS-12  scores.  After  6 months,
16.4%  of  the  patients  walked  ≥20%  faster,  59.7%  showed
improvements  in  MSWS-12  scores,  and  patients  reporting
clinical  benefits  had a mean  improvement  of  one  point
on  the  Fatigue  Severity  Scale  (FSS)  and  10  points  on  the
MSWS-12.48

Quality  of life  with PR-fampridine

Gait  impairment  has a significant  impact  on  HRQoL;  improv-
ing  walking  ability  may  therefore  have a beneficial  effect  on
responders.3,49

HRQoL  can  be reliably  estimated  in patients  with  MS
using  the  SF-3613,14 and  the EuroQol-5  dimension  (EQ-5D)50

questionnaires,  2  instruments  designed  for  the general
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population,  and with  the MSIS-2951 and  the Patient-Reported
Outcome  Indices  for  Multiple  Sclerosis  (PRIMUS)52 scales,
which  are  specifically  designed  for  patients  with  the  dis-
ease.  In  a  study  evaluating  patients  with  the  abbreviated
version  of  the  SF-36  survey,  patients  with  gait  impairment
were  observed  to  present  a significantly  lower  HRQoL  in
the  physical  component  than  those  without  (P < .001).53 In
another  study,  changes  in T25FW  scores  in patients  with
progressive  forms  of MS were  found to  be  associated  with
positive  changes  in  MSIS-29.54

In the  study  by  Goodman  et al.,42 301  patients  com-
pleted  the  MSWS-12,  a questionnaire  evaluating  patients’
subjective  perception  of  their  walking  disability  over  the
2  previous  weeks.  Limone  et  al.55 mapped  MSWS-12  scores
to  the  EQ-5D,  demonstrating  that  HRQoL  improved  signifi-
cantly  in  PR-fampridine  responders  compared  to  controls;
these  improvements  continued  during  treatment  and  were
lost  after  the  drug was  discontinued.  No  differences  were

observed  between  non-responders  and  controls  throughout
the study period.

ENABLE,56 a  recent open-label  multicentre  phase  IV
study,  evaluated  the  efficacy  of PR-fampridine  for  improv-
ing  HRQoL  in responder  MS patients  after  a  48-week  period.
Of  a total  of  901  patients,  707 (78.5%)  responded  to  treat-
ment.  Compared  to  baseline  values,  responders  showed
statistically  significant  improvements  in  SF-36  physical  com-
ponent  summary  scores,  the 8  SF-36  subscales,  SF-36  mental
component  summary  scores,  MSIS-29,  PRIMUS  (activity  lim-
itations  scale),  and EQ-5D  in  all  follow-up  visits  (weeks
12,  24, 36,  and 48). Non-responders  were  followed  up
despite  treatment  discontinuation  and  displayed  no  signifi-
cant  improvements  in any  questionnaire  and at any  of  the
follow-up  assessments.

The  studies  by  Cameron  et  al.47 and  Prugger  and  Berger48

also  report  positive  results  on the scales  used to measure
HRQoL.
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Figure  2 MSWS-12.
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Figure  2 (Continued)

Safety  of PR-fampridine

Clinical  trials
Of the  total  of 539 patients  with  MS included  in all  phase
III  studies,  348 received  10  mg  PR-fampridine  every  12  hours
and  191  received  a placebo  (Table 1).8 In the most recent
study,  103  patients  (85.8%)  receiving  PR-fampridine  and
79  patients  (66.4%)  receiving  placebo experienced  some
adverse  effect  (P  <  .001).  The  most common  adverse  effects
were  urinary  tract  infection  and  balance  disorder,  followed
by  insomnia,  dizziness,  asthaenia,  headache,  nausea,  and
paraesthesia.  In  most  cases,  adverse  effects  were  mild
(32.5%  vs  30.3%  in  the placebo  group)  or  moderate  (44.2%
vs  30.3%).  Some  4.2%  of  the  patients  in the  treatment  group
and  2.5%  of controls  experienced  severe  adverse  effects.
Falls  were  reported  in both  groups, although  they  were  less
frequent  in  the  treatment  group  (11.7%  vs  16.8%;  P  = .2724).

In all  the clinical  trials  together,  epileptic  seizures  were
observed  in one  patient  receiving  PR-fampridine  and  in one
control.31,57

In the clinical  trials  conducted  by  Goodman  et al.7,42,44

patients  were  exposed  to  PR-fampridine  for  up to  5 years;
during  the study  period,  the  rate  of  epileptic  seizures  was
4.1  cases  per  1000  patient-years,  a risk  similar  to that  in
the general  population  with  MS.58 However  current  data
suggest  that  epileptic  seizures  may  be  caused  by other
factors,  including  renal  insufficiency  or  concomitant  treat-
ment,  which  may  increase  the risk  of  seizures  in  these
patients.2

Regarding  the potential  cardiotoxicity  of  PR-fampridine,
a  study  by  March  and  Cardi59 found  no  clinically  signifi-
cant  changes  in  heart  rate  or  in  QT,  PR,  and  QRS  intervals
with  either  therapeutic  or  supratherapeutic  doses  of  PR-
fampridine.
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Table  1  Summary  of  adverse  effects  of  PR-fampridine  dosed  at  10  mg  every  12  hours  according  to  the  results  of  phase  III  clinical
trials.

Goodman  et  al.  (2009)  Goodman  et  al.  (2010)

PR-fampridine  (n  =  228)  Placebo  (n  = 72)  PR-fampridine  (n  =  120)  Placebo  (n =  119)

Some  AE,  n  (%)  191  (83.8)  58  (80.6)  103  (85.8)  79  (66.4)
Mild 59  (25.9)  16  (22.2)  39  (32.5)  36  (30.3)
Moderate 98  (43.0)  35  (48.6)  53  (44.2)  36  (30.3)
Severe 34  (14.9)  7 (9.7)  11  (9.2)  7  (5.9)

Severe 16  (7.0)  0 (0.0)  5  (4.2)  3  (2.5)

Most frequent  AEa

MedDRA  AE  classification

Nervous  system  disorders

Balance  disorder  60  (26.3)  13  (18.1)  21  (17.5)  22  (18.5)
Dizziness 19  (8.3)  4 (5.6)  10  (8.3)  1  (0.8)
Headache 13  (5.7)  4 (5.6)  11  (9.2)  1  (0.8)
Paraesthesia —  —  6  (5.0)  2  (1.7)

Infections

Urinary tract  infection 31  (13.6) 10  (13.9)  21  (17.5)  10  (8.4)
Psychiatric disorders

Insomnia  19  (8.3) 3  (4.2)  12  (10.0)  2  (1.7)
General disorders  and administration  site  conditions

Asthaenia  13  (5.7) 4  (5.6)  10  (8.3)  5  (4.2)
Fatigue 14  (6.1) 2  (2.8) —  —

Gastrointestinal  disorders

Nausea  14  (6.1) 3  (4.1) 10  (8.3)  1  (0.8)
Respiratory, thoracic,  and  mediastinal  disorders

Respiratory  tract  infection 14  (6.1) 7  (9.7) 7  (5.8)  8  (6.7)
Nasopharyngitis  —  —  6  (5.0)  5  (4.2)

Musculoskeletal  and  connective  tissue  disorders

Back pain  13  (5.7)  —  7  (5.8)  3  (2.5)

AE: adverse effect; n: number of  patients; MedDRA: Medical Dictionary for Regulatory Activities.
a Occurred in ≥5% of  patients in any one of the groups.

Taken from Goodman et al.7 and Jensen et  al.31

Experience  in  clinical  practice

Jara  et  al.58 analysed  postmarketing  safety of  PR-fampridine
in  the  US  in 46  000  patients  with  MS  after  one  year  of  treat-
ment.  The  study  identified  a  total  of 11  549  instances  of
adverse  effects,  largely  coinciding  with  those  described  in
clinical  trials:  dizziness  (5.7%),  insomnia  (4.5%),  falls  and
balance  disorder  (3.9%),  headache  (3.2%),  nausea  (2.8%),
and  urinary  tract infection  (2.4%).  A total  of  573  instances
of  adverse  effects  (5.0%)  were  caused  by  inappropriate
dosing.  The study  reported  85  cases  of  epileptic  seizure,
occurring  within  a  week  of  treatment  onset  in 31%  of
cases.  The  incidence  rate  of  seizures  after  the first  week
of  treatment  was  3.9  cases  per  1000  patient-years  of
use.

Although  safety  data  drawn  from  clinical  practice
are  coherent  with  the  safety  profile  observed  dur-
ing  the  clinical  development  of  PR-fampridine,  long-
term  postmarketing  surveillance  is  necessary  to  cor-
rectly  characterise  the  clinical  safety  profile  of the
drug.

Conclusions

Clinical  trials  and  observations  from  clinical  practice  show
that  PR-fampridine  is  a well-tolerated,  easy-to-administer
drug that  is  useful  for the  treatment  of walking  disability.
It is indicated  for adults  with  any  form  of MS and who  score
4.0  to 7.0 on  the EDSS.

Dosed  at 10  mg (1  tablet)  every 12  hours,  PR-fampridine
causes  mild-to-moderate  transient  adverse  effects.
Although  randomised  clinical  trials  report  clinical  benefits
in  35%  of patients,  the  ENABLE  study  and other  observational
studies  of  clinical  practice  have observed  benefits  in over
50%  of  patients.  Responders  are easily  identified  after  an
initial  treatment  period  of 2  weeks  (or  in exceptional  cases,
4  weeks);  this ensures  that  only patients  with  objective
clinical  benefits  continue  treatment.

Although  data  on  5-year  exposure  is  now  available,60 only
patient  follow-up  and  future observational  studies  will be
able  to  provide  an accurate  description  of the benefits  of
PR-fampridine  on  walking  disability  and other  MS-related
symptoms  and  to  establish  the drug’s  safety  profile.
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22.  Ertekin O, Ozakbaş  S, Idiman  E.  Caregiver burden, quality of
life and  walking  ability  in different  disability levels  of multi-
ple  sclerosis. NeuroRehabilitation.  2014;34:313—21.

23.  Espejo  C,  Montalban X. Dalfampridine  in  multiple  sclero-
sis:  from symptomatic  treatment  to immunomodulation.  Clin
Immunol.  2012;142:84—92.

24.  Nielsen  JF,  Sinkjaer  T. Peripheral  and  central  effect of
baclofen on  ankle  joint stiffness  in  multiple sclerosis.  Muscle
Nerve.  2000;23:98—105.

25.  Schapiro RT.  Management  of spasticity, pain, and  paroxysmal
phenomena  in  multiple  sclerosis. Curr Neurol Neurosci  Rep.
2001;1:299—302.

26.  Pöllmann  W, Feneberg  W.  Current management  of pain
associated  with multiple  sclerosis.  CNS  Drugs. 2008;22:
291—324.

27.  Van der  Walt A,  Sung S, Spelman  T, Marriott M, Kolbe  S,
Mitchell  P, et  al. A  double-blind, randomized,  controlled study
of  botulinum toxin  type A in MS-related tremor. Neurology.
2012;79:92—9.

28.  Chwieduk  CM, Keating  GM.  Dalfampridine  extended  release:
in multiple  sclerosis.  CNS  Drugs. 2010;24:883—91.

29.  Blight  AR. Treatment  of walking  impairment  in multi-
ple sclerosis with dalfampridine. Ther  Adv  Neurol  Disord.
2011;4:99—109.

30.  Judge  SIV,  Bever  CT. Potassium  channel blockers  in  multiple
sclerosis:  neuronal  Kv  channels  and  effects  of symptomatic
treatment.  Pharmacol  Ther.  2006;111:224—59.

31.  Jensen HB,  Ravnborg  M,  Dalgas  U, Stenager  E.  4-
Aminopyridine  for  symptomatic  treatment  of  multiple
sclerosis: a systematic  review.  Ther  Adv  Neurol  Disord.
2014;7:97—113.

32.  Weir S, Torkin  R, Henney  HR 3rd. Pharmacokinetic  pro-
file  of  dalfampridine  extended release:  clinical  relevance
in patients  with multiple  sclerosis.  Curr  Med Res Opin.
2012;29:1627—36.

33.  Krishnan AV,  Kiernan MC.  Sustained-release  fampridine  and
the  role of ion channel  dysfunction in  multiple  sclerosis. Mult
Scler  J. 2013;19:385—91.

34.  Ware JE, Sherbourne  CD.  The  MOS  36-item  short-form  health
survey  (SF-36).  I. Conceptual  framework and  item selection.
Med  Care. 1992;30:473—83.

35.  McHorney CA, Ware  JE, Raczek  AE. The MOS  36-Item  Short-
Form  Health  Survey  (SF-36).  II. Psychometric and  clinical
tests of validity  in  measuring physical  and mental  health con-
structs. Med  Care.  1993;31:247—63.

36.  McHorney CA, Ware JE, Lu JF, Sherbourne  CD.  The MOS 36-
item  Short-Form Health  Survey (SF-36).  III. Tests  of data
quality, scaling  assumptions,  and  reliability across diverse
patient groups.  Med Care. 1994;32:40—66.

37.  Hobart  JC,  Riazi  A,  Lamping DL,  Fitzpatrick  R, Thompson AJ.
Measuring  the impact  of  MS on  walking  ability  The  12-Item  MS
Walking  Scale  (MSWS-12). Neurology.  2003;60:31—6.

38.  Kaufman  M, Moyer D, Norton  J.  The  significant  change  for
the  Timed  25-Foot Walk in the multiple  sclerosis  functional
composite.  Mult Scler.  2000;6:286—90.

39.  Coleman  CI,  Sobieraj  DM, Marinucci  LN.  Minimally  important
clinical difference of the Timed 25-Foot Walk Test: results
from  a  randomized controlled trial in  patients  with  multiple
sclerosis. Curr  Med  Res Opin. 2012;28:49—56.

40. Hobart  J, Blight  A, Goodman A, Lynn  F,  Putzki  N. Timed
25-Foot  Walk.  Direct evidence that improving  20% or
greater  is clinically meaningful in  MS.  Neurology. 2013;80:
1509—17.

41. Hobart  J. Mult Scler.  2010;16:S172.
42. Goodman AD, Brown TR,  Krupp LB,  Schapiro RT,  Schwid  SR,

Cohen  R,  et al. Sustained-release  oral  fampridine in  multi-
ple  sclerosis:  a randomised,  double-blind,  controlled trial.
Lancet.  2009;373:732—8.

43. Schwid SR, Petrie  MD, McDermott  MP, Tierney DS, Mason DH,
Goodman  AD.  Quantitative  assessment  of sustained-release
4-aminopyridine  for  symptomatic  treatment  of multiple scle-
rosis. Neurology.  1997;48:817—21.

44. Goodman AD, Brown  TR,  Cohen JA,  Krupp  LB, Schapiro
R, Schwid  SR, et al.  Dose  comparison  trial  of  sustained-
release fampridine in multiple  sclerosis.  Neurology.
2008;71:1134—41.

45. Goodman AD,  Cohen JA,  Cross  A,  Vollmer  T, Rizzo M,  Cohen
R, et  al. Fampridine-SR  in  multiple  sclerosis:  a randomized,
double-blind,  placebo-controlled,  dose-ranging  study.  Mult
Scler.  2007;13:357—68.

46. Ruck T, Bittner S, Simon OJ, Göbel K,  Wiendl  H,
Schilling M,  et  al.  Long-term  effects  of dalfampridine  in
patients  with multiple  sclerosis.  J  Neurol  Sci.  2014;337:
18—24.

47. Cameron  MH,  Fitzpatrick M,  Overs S,  Murchison C,  Manning
J, Whitham  R. Dalfampridine improves walking  speed,  walk-
ing  endurance, and  community  participation in veterans with
multiple  sclerosis:  a longitudinal  cohort study.  Mult  Scler J.
2014;20:733—8.

48. Prugger M, Berger T. Assessing the long-term  clinical bene-
fit  of prolonged-release  fampridine tablets in  a real-world
setting:  a review  of 67  cases.  Patient  Relat Outcome Meas.
2013;4:75—85.

49. Haut  SR,  Bienen  EJ,  Miller  A.  Clinical  overview of  the
seizure risk  of dalfampridine.  Expert Opin  Drug Saf.  2012;11:
651—7.

50. Jones KH,  Ford DV,  Jones PA,  John  A, Middleton  RM, Lockhart-
Jones H, et  al.  How  people  with multiple  sclerosis  rate their
quality of life:  an  EQ-5D  survey  via  the UK MS Register.  PLOS
ONE.  2013;8:e65640.

51. Learmonth  YC,  Hubbard EA,  McAuley E,  Motl RW.  Psychomet-
ric properties  of  quality  of life and  health-related  quality of
life assessments  in  people  with  multiple sclerosis.  Qual Life
Res.  2014;23:2015—23.

52. Hernández  MA, Mora S, grupo  de trabajo  del  estudio  SLIMS.
Use  of the PRIMUS  scale to assess quality of life in  a Span-
ish  population of multiple  sclerosis patients.  Neurología.
2013;28:340—7.

53. Wu N, Minden  SL, Hoaglin DC,  Hadden L,  Frankel D.  Quality
of life in people  with  multiple  sclerosis: data  from  the Sonya
Slifka  Longitudinal Multiple  Sclerosis  Study.  J  Health  Hum Serv
Adm.  2007;30:233—67.

54. Bosma L,  Kragt  JJ, Polman  CH,  Uitdehaag BMJ. Walking  speed,
rather  than  Expanded Disability Status Scale,  relates  to  long-
term patient-reported impact  in  progressive MS.  Mult Scler J.
2013;19:326—33.

55. Limone BL, Sidovar MF, Coleman  CI. Estimation of  the effect
of dalfampridine-ER on  health  utility by  mapping  the MSWS-
12  to the EQ-5D  in  multiple  sclerosis  patients.  Health  Qual
Life  Outcomes.  2013;11:105.

56. Macdonell  R, Nagels  G,  Laplaud DA, Pozzilli  C,  de Jong
B, Martins da Silva  A,  et al.  Improved  patient-reported
health  impact  of multiple  sclerosis: the ENABLE study  of  PR-
fampridine.  Mult  Scler.  2015,  pii:1352458515606809 [Epub
ahead  of print].

http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0395
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0395
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0395
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0395
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0395
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0395
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0400
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0405
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0410
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0415
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0420
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0425
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0430
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0435
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0440
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0445
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0450
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0455
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0460
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0465
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0470
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0475
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0480
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0485
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0490
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0495
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0500
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0505
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0505
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0505
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0505
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0505
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0505
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0510
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0515
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0520
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0525
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0530
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0535
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0540
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0545
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0550
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0555
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0560
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0565
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0570
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0575
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0580


A  guide  to  treating  gait  impairment  in patients  with  multiple  sclerosis  337

57. Cornblath  DR, Bienen  EJ,  Blight  AR. The  safety  profile  of
dalfampridine  extended  release in  multiple sclerosis  clinical
trials. Clin Ther.  2012;34:1056—69.

58.  Jara M,  Barker  G,  Henney HR.  Dalfampridine  extended  release
tablets:  1  year of postmarketing safety  experience in  the US.
Neuropsychiatr  Dis  Treat. 2013;9:365—70.

59.  March  B,  Cardi T.  Assessment of the cardiac  safety
of  fampridine-SR  sustained-release tablets in  a  thorough

QT/QTc evaluation  at  therapeutic and  supratherapeutic
doses  in healthy individuals.  Expert  Opin  Investig Drugs.
2009;18:1807—15.

60.  Goodman A, Blight  A, on  behalf  of the MS-F203,  MS-F204,
and  Extension  Study Investigators.  Final  data from  open-label
extension  studies of dalfampridine extended release  tablets
in  multiple  sclerosis (P04.128).  Neurology. 2012;78(meeting
abstracts  1). P04.128.

http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0585
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0590
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0595
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600
http://refhub.elsevier.com/S2173-5808(17)30162-1/sbref0600

	A guide to treating gait impairment with prolonged-release fampridine (Fampyra®) in patients with multiple sclerosis
	Introduction
	Methods
	Development
	Impact of gait impairment on patients with MS
	Pharmacological treatment of gait impairment
	Pharmacokinetic and pharmacodynamic properties of PR-fampridine
	Pharmacological recommendations for PR-fampridine: candidate patient and assessment of response
	Efficacy of PR-fampridine
	Clinical trials
	Experience in clinical practice

	Quality of life with PR-fampridine
	Safety of PR-fampridine
	Clinical trials

	Experience in clinical practice

	Conclusions
	Funding
	Conflict of interest
	References


