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Abstract  Cardiac  magnetic  resonance  imaging  (MRI)  is  an  important  tool  that  makes  it  possi-

ble to  evaluate  patients  with  cardiovascular  disease;  in addition  to  infarction  and alterations  in

myocardial perfusion,  cardiac  MRI  is  useful  for  evaluating  other  phenomena  such  as  microvas-

cular obstruction  and  ischemia.  The  main  prognostic  factors  in cardiac  MRI  are  ventricular

dysfunction,  necrosis  in late-enhancement  sequences,  and  ischemia  in stress  sequences.  In

acute myocardial  infarction,  cardiac  MRI  can  evaluate  the  peri-infarct  zone  and  quantify  the

size of  the  infarct.  Furthermore,  cardiac  MRI’s  ability  to  detect  and  evaluate  microvascular

obstruction  makes  it  a  fundamental  tool  for  establishing  the  prognosis  of  ischemic  heart  dis-

ease. In  patients  with  chronic  ischemic  heart  disease,  cardiac  MRI  can  detect  ischemia  induced

by pharmacological  stress  and  can  diagnose  infarcts  that  can  be missed  on other  techniques.

© 2014  SERAM.  Published  by  Elsevier  España,  S.L.U.  All  rights  reserved.
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Utilidad  de la RM  cardíaca  en  el  pronóstico  y  seguimiento  de  la cardiopatía  isquémica

Resumen  La  resonancia  magnética  cardíaca  (cardiorresonancia  magnética  ---CRM---)  es  una

importante  herramienta  que  permite  evaluar  en  pacientes  con  enfermedad  cardiovascular  no

solo el infarto  y  las  alteraciones  en  la  perfusión  miocárdica,  sino  también  otros  fenómenos

como la  obstrucción  microvascular  y  la  isquemia.  Los principales  factores  pronósticos  en  la  CRM

son la  disfunción  ventricular,  la  necrosis  en  las  secuencias  de realce  tardío  y  la  isquemia  en  las

secuencias  de  estrés.  En  el  infarto  agudo  de miocardio,  la  CRM  puede  evaluar  la  zona  periinfarto

y cuantificar  el  tamaño  del infarto.  Además,  la  capacidad  de la  CRM  para  detectar  y  evaluar
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la  obstrucción  microvascular  la  convierte  en  una  herramienta  fundamental  para  establecer  el

pronóstico de  la  cardiopatía  isquémica.  En  los  pacientes  con  cardiopatía  isquémica  crónica,  la

CRM puede  detectar  isquemia  inducible  con  estrés  farmacológico  y  diagnosticar  infartos  que

pueden pasar  desapercibidos  con  otras  técnicas.

© 2014  SERAM.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los  derechos  reservados.

Introduction

Ischemic  heart  disease  still  is  the  main  cause  of  death
in  developed  countries  in spite  of  recent  therapeutic  and
preventive  improvements.1,2 Since  it is  so prevalent,  it  is
very  important  to  use  the diagnostic  means  adequately,
and  cardiac  magnetic  resonance  imaging  (CMR)  has  estab-
lished  itself  as  a  fundamental  modality,  not only to  diagnose
but  also  to  establish  these  patients’  diagnosis.  CMR  has
the  advantage  of  assessing  in the  same  examination  all  the
parameters  that  are  important  to make clinical  decisions
in  patients  with  ischemic  heart  disease,  such  as global  and
segmental  ventricular  function,  perfusion  and  myocardial
ischemia  and  the amount  of  viable  myocardial  tissue.3 Unlike
echocardiography,  it does  not present  the limitations  of the
acoustic  window.  It  has more  spatial  and temporal  reso-
lution  than  nuclear  medicine  modalities  and better  tissue
characterization.  In  addition,  it does  not  use  ionizing  radia-
tion  which  is  another  advantage  in respect  of  other  imaging
modalities  such as  computed  tomography  (CT)  or  nuclear
medicine.4

In this  paper,  we  will  review  the basic  physiopathological
concepts  of  ischemic  heart  disease  and the data  that  support
the  use  of CMR  to  establish  the prognosis  and follow-up  of
patients  with  acute  myocardial  infarction  (AMI)  and  chronic
ischemic  heart  disease.

Physiopathologic bases  of  the  ischemic heart
disease

Knowing  the physiopathology  of  ischemic  heart  disease  and
the  consequences  that  the  absence  of  flow  has  on  the car-
diac  muscle  is  essential  to  assess  the prognosis  of  patients
and  the  possibilities  of  success  of  the  different  therapeutic
options.  When  a  coronary  artery  narrows,  the mechanisms
of  coronary  self-regulation  try  to  normalize  the  myocar-
dial  flow  by reducing  the  resistance  of  the  distal  arterial
bed  to  stenosis.  In normal  conditions,  a  stenosis  must  sur-
pass  85---90%  of  the lumen  diameter  before  the blood  flow
to  the  myocardium  decreases  significantly.5,6 After  a  coro-
nary  occlusion,  a  series  of  myocardial  changes,  known  as
ischemic  cascade,  take  place.  These  modifications  can  be
reversible  or  irreversible.  Among  the reversible  changes  are
contractile  dysfunction  (it  occurs  a few  seconds  after  occlu-
sion)  and intracellular  edema  (20---30  min).5 Subsequently,
irreversible  changes  occur  both  in the myocytes  (30---60  min)
and  in  the  endothelial  vascular  cells  (60---90 min)  ending  up
in  cellular  necrosis  and  apoptosis.6 Ischemic  damage  pro-
gresses  ‘‘in  the  form  of  a wave’’  from  the subendocardium  to
the  subepicardium  in approximately  3---6  h. Transmural  dam-
age  is  directly  proportional  to  the  ischemic  time.7 There  are

multiple  reasons  why  the endocardium  is  the  most  sensitive
area  to  ischemia.  Firstly,  coronary  circulation  goes from  the
epicardium  to  the endocardium;  therefore,  because  it  is  at
the  end  of  the trajectory,  the endocardium  is  more  suscep-
tible  to  ischemia.  In  addition,  the  endocardium  needs  more
oxygen  than  the  epicardium,  even  in normal  conditions,  as  it
happens  during  the ventricular  systole  since  when  the  intra-
ventricular  pressure  increases  the  endocardial  artery  walls
are  compressed  to  the point that  they  might even  collapse
and  decrease  their  capacity  to  vasodilate.8 When  a  coro-
nary  obstruction  persists  in time,  not  only the areas  that
are  the most  sensitive  to ischemia  (more  subendocardial)
will  necrotize,  but  also  other  more  borderline  mesocardial
and  epicardial  áreas  will  suffer  from  its  effects.  Those  limits
of  the  necrosis  area  are also  part  of  the  myocardium  threat-
ened  by  the  ischemia.  All  the  myocardial  territory  whose
perfusion  depends  on  the damaged  artery  is  referred  to  as
myocardium  at  risk.9

Restoring  the epicardial  artery  flow  to  preserve  most
of  the myocardium  at risk  is the  basis  of  the current  AMI
therapeutic  strategies.  However,  in  spite  of  its  beneficial
effects,  the  process  of  cellular  death  can  go on  for  the first
few  hours  after  reperfusion,  which  is  known  as  myocardial
reperfusion  injury.10 The  main  manifestation  of this complex
phenomenon  is  microvascular  obstruction  (MVO)  where  a
complete  lack  of  myocardial  tissue  perfusion  occurs  despite
the coronary  epicardial  repermeabilization.11

When  a  coronary  occlusion  is  treated  and  the flow  is
reestablished,  it  may  happen  that  the  myocardium  recovers
its  contractility  early  or  late  its  contractility.  The  transient
state  after the  ischemia  in which  contractile  function  is
diminished,  even  though  there  is  no  infarction,  is  referred
to  as  myocardial  stunning  or  stunned  myocardium12 (Fig.  1).
It  can  take  days  or  weeks  to normalize  though  it can  improve
with  the  administration  of inotropic  agents.

Finally,  the term  hibernating  myocardium  is  used  to
describe  the  maintained  state  in  which  contractile  func-
tion  is  reduced  in an infraperfused  but  viable  myocardium
recovering  completely  after  revascularization.13

Sequences  of  magnetic  cardio-resonance
for  ischemic heart disease

CMR  can  potentially  assess  everything  involved  in ischemic
heart  disease.  The  current  technology  ---  CT-coronariography
is  a better  modality  than  CMR  to  identify  coronary  artery
disease  this  is  why  in  practice  the  CMR  is  used  to  assess
the functional  consequences  of  coronary  artery disease.14

The  sequences  of the MR  coronariography  need  electrocar-
diographic  and respiratory  synchronization,  and  this  is  why
the acquisition  time  is  long;  also  in patients  whose  heart  or
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Figure  1  Determination  of  saved  myocardium  in  an  acute  myocardial  infarction.  Patient  with  acute  coronary  syndrome  due  to  a

significant lesion  in  the  proximal  anterior  descending  artery.  (A)  T2-weighted  (STIR)  image.  Extensive  anterior  and  anterior---lateral

hyperintense  area  (white  arrows)  outlining  the  myocardium  at risk.  (B)  Late-enhancement  sequence.  Necrosis  is  not  shown  in this

area and  there  is  only a  slight  hyperintensity  caused  by  the  edema  itself  (black  arrows).  One  old  non-transmural  necrosis  is identified

incidentally  in the  circumflex  artery  territory  (arrow  head).

respiratory  rate  is  very  irregular,  it is  a  modality  that  just
cannot  be  applied.  Also  the  spatial  resolution  of  MR is  lower
than  that  of  the  CT  and  it is  a  more  operator-dependent
modality.  For  all  of  the  aforementioned  except  in  selected
cases,  coronary  examination  should be  performed  through  a
CT.15

Myocardial  contractility

Cine  gradient  echo  sequence  (SSFP  or  steady-state  free  pre-
cession)  is an  alternative  to  conventional  echocardiography.
It  is  reliable  and  reproducible  to calculate  volumes  and  ven-
tricular  function  because  it  allows  us to  assess  both  global
and  segmental  contractility.16,17 Although  it has lower  spatial
and  temporal  resolution,  when  it  is  not  possible  to  perform
this  sequence,  due  to serious  arrhythmias  or  incapacity  for
an  adequate  apnea,  cine  sequences  in real  time  can  be used.
Due  to  its  lower  resolution,  it is  only possible  to  make  a
qualitative  assessment  of contractility,  not  a quantitative
one.18

The  volumetric  and  functional  analysis  of the heart  are
performed  by  acquiring  contiguous  images  (between  8 and
12)  usually  on  a short  axis.  Through  the outlining  of  the  endo-
cardium  borders  in  diastole  and  systole  and  those  of  the
epicardium  in diastole  we  can obtain  function  parameters
such  as the  telediastolic  and telesystolic  volumes,  the  ejec-
tion  fraction,  the  stroke  volume,  the cardiac  output  of both

ventricles  and  the  left ventricle  myocardial  mass.  The  ejec-
tion  fraction  thus  calculated  is  based on  Simpson’s  method.
Dilated,  asymmetrical  ventricles  or  those  with  altered  seg-
mental  contractility  do  not  affect  the method’s  accuracy.  Its
foundation  claims  that  the  left ventricular  volume  equals
the  sum  of  the volumes  of different  contiguous  discs  per-
pendicular  to  the  larger  axis  of the left ventricle.  Since  the
method’s  main  limitation  is  defining  the endocardial  bor-
ders,  and  because  this  is  always  better  achieved  with  CMR
than  with  echocardiography,  the left  ventricle  ejection frac-
tion  is calculated  more  accurately  through  the  CMR.19

Myocardial  ischemia  is  detected  in CMR  with  pharmaco-
logical  stress,  which  can  be  carried out with  vasodilating
drugs  (adenosine  or  dipyridamole)  and  perfusion  sequences,
or  with  inotropic  drugs  (dobutamine)  and cine sequences
for  the  analysis  of  contractility.20,21 Cine  sequences  during
the  pharmacological  stress  allow  us to  assess  both  ischemia
(with  high  doses  of dobutamine)  and  feasibility  (with  low
doses  of  dobutamine).  The  dobutamine  administration  pro-
tocol  is  similar  to  that  of stress  echocardiography.  It  begins
with  5  �/kg/min  and  it is  gradually  increased  to  10,  20,  30
and  40  �/kg/min  every  3  min,  until  85%  of the maximum
heart  rate  (220  ---  age)  is  reached.  If it is  not  reached  with
the  maximum  dose  of  dobutamine,  0.5---1 mg of atropine
is added.  The  cine images  are acquired  at rest  and  at
each  of the dobutamine  levels  and  the  images  are  stud-
ied  immediately.  Depending  on  the  machines,  3  short-axis
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projections  can  be  performed  and then  one  or  two  long-axis
projections  can be  added  (2 and 4 chambers)  both  at  rest
and  at  each  stage  of  infusion.  There  is  ischemia  in  a  myocar-
dial  segment  when  its  contractility  worsens with  increasing
doses  of  dobutamine.20

Myocardial  perfusion

Coronary  circulation  and  myocardial  perfusion  have their
physiopathological  correlate  with  CMR. In basal  conditions,
myocardial  perfusion  does  not alter  until  coronary  stenosis
reaches  approximately  85---90%.  Instead,  during  the  stress,
the  myocardium  distal  to  a  coronary  lesion  ranging  from
50  to 85%  may  suffer  ischemia  and  a  coronary  lesion  can
be  considered  hemodynamically  significant.21

The  sequences  used to  assess  myocardial  perfusion  are
the  first-step  sequences.  They  are  T1-weighted  gradient
echo  sequences,  with  a high  temporal  resolution  acquired  as
gadolinium  is  being  injected;  in  these  sequences  it is  possi-
ble  to  see how  the contrast  is  disseminating  throughout  the
myocardial  tissue.  The  perfusion  studies  are performed  at
rest  and  with  pharmacological  stress  administering  vasodi-
lating  drugs  (the  most frequently  used  are adenosine  and
dipyridamole).  Dipyridamole  is  used  in 0.56  mg/kg  doses
in  4 min.  Adenosine  is  used in doses  of 140 �g/kg/min  for
3---6  min  depending  on  the patient’s  response.  Dipyridamole
is  an  adenosine  precursor  that  metabolizes  in the  liver;
therefore,  its  vasodilating  capacity  may  depend  on  each
patient.22 The  injection  of  both  dipyridamole  and  adeno-
sine  produces  an extracellular  increase  of adenosine  that
dilates  the  arterioles  and  precapillaries  (coronary  resistance
vessels)  increasing  the regional  myocardial  flow  between
3  and  5 times.  The  increase  is  greater  in healthy  coronary
vessels  than  in stenotic  ones  and it causes  a phenomenon
known  as coronary  steal.  Due  to  the  fact that adenosine  has
a  much  shorter  half-life  than  dipyridamole  (10  s as  opposed
to  30---40  min),  it is  necessary  to use  a continuous  infusion
pump  and  inject  it  as  the  images  are  being  acquired  (injec-
tion  stops  after  the  first-step  perfusion  is  studied).  With
dipyridamole,  the images  are acquired  after  the  injection
has  finished.  The  usual  gadolinium  dose is  0.2  mmol/kg  with
a  3---5 ml/s  debit.  The  ischemic  myocardium  is  hypointense
and  it  follows  a given  coronary  anatomical  territory  in
respect  of the  normally  perfused  myocardium.20,21

Myocardial  edema

Fast  spin-echo  or  FSE  black  blood  T2-weighted  sequences  are
used  (double  inversion-recovery,  triple  inversion-recovery,
or  short-tau  inversion  recovery  (STIR)  in  the ventricular
short  axis. The  cellular  membrane  patency  increases  in
the  infarcted  myocardium  and the increase  of  the  free
extracellular  water  in these  sequences  is  seen  as  a usually
transmural  hyperintensity  following  the  coronary  territory
of  the  artery  responsible.  It  is  accepted  that in  AMIs  the
hyperintense  territory  in  the T2-STIR  sequences  reflects  the
myocardium  at  risk.23 Hyperintensity  decreases  with  time  in
such  a  way  that  it  can only be  assessed  in  the acute---sub-
acute  phases  (approximately  7---10 days).24 In  the last  few
years  T2-mapping  sequences  have been  introduced  to  assess

myocardial  edema  quantitatively  and not  qualitatively  like
T2-STIR  sequences.25

Late enhancement

These  are  T1-weighted  2D/3D gradient  echo  sequences  with
a  previous  inversion-recovery  pulse.  They  are  performed
10---15  min  after  injecting  gadolinium.  The  previous  inver-
sion  pulse  is  intended  to  cancel  the  signal of  a  healthy  or
normal  myocardium.  This  inversion  time  must  be  adjusted
individually  for each patient  and it is  usually  at 200---300  ms.
Modern  machines  often  have  a  ‘‘look-locker’’  sequence  to
do  tracking  with  different  inversion  times  to  select  it.  The
time  must  be increased  gradually  as  the  time  goes by  dur-
ing  image  acquisition  due to the kinetics  of gadolinium.
In  acute  infarctions,  cellular  death  and  loss  of  cytoplas-
mic  membrane  integrity  allows  the  gadolinium  to  penetrate
the  myocyte,  which explains  the late  enhancement  in the
acute  phase.  In chronic  infarction,  the  necrosis  occurring
after  the  infarction  increases  extracellular  space due  to
the increase  of extracellular  collagen  and  the fact that
gadolinium  builds  up  in scar  or  fibrosis  regions.  The  corre-
lation  between  the  size  of the  infarction  detected  through
CMR  and  the  anatomopathologic  studies  is  excellent.26 The
necrotic  areas  appear  as  hyperintense,  subendocardial  and
more  or  less  intramural  areas  based  on  the  extension  of
the  infarction.  The  myocardium  saved  through  percutaneous
revascularization  can be determined  by subtracting  from
the T2  sequence  edema  area the necrosis  area  of  the late-
enhancement  sequence  (Fig.  1).

Prognostic value of  magnetic cardio-resonance
in  the  acute  myocardial infarction

Peri-infarction  areas  and ventricular  arrhythmias

Ventricular  arrhythmias  and  sudden  death  are  very  impor-
tant  causes  of  morbidity  and  mortality  in the  post-infarction
period.  The  peripheral  area  of  an  infarction  is  made  up
of  viable myocardium  areas  intertwined  with  infarcted  tis-
sues  or  fibrosis  areas  that  presuppose  a substrate  to  develop
reentry  circuits  and  electric  conductivity  disorders  that  may
develop  ventricular  tachycardias  (Fig.  2).  It  has been  pointed
out  that  these  pre-infarction  areas  can  be seen  in  the
late-enhancement  sequence  as  intermediate  signal areas
surrounding  the necrotic  area.27 In an  electrophysiological
study  through  CMR  of 40  patients  before implantation  of
pacemakers  or  implantable  automatic  defibrillators,  the size
of  the  pre-infarction  area  in the CMR  predicted  ventricular
tachycardia.28 In another  study, the  size of  the pre-infarction
area  in  the CMR  predicted  any  causes  of cardiac  mortality
in the  next 2.4  years.29

Several  authors  have  also  shown  that  the  size  of  the pre-
infarction  area is  better  than  classical  factors  (left  ventricle
ejection  fraction,  total  size  of  the  infarction)  to  predict
ventricular  tachyarrhythmia  and  the lesser response  to
electrophysiological  therapy.30---32 Therefore,  many  authors
accept  today  that  assessing  the  characteristics  and  exten-
sion  of  the pre-infarction  area  can  be a  bloodless  tool  to
establish  the risk  of malignant  ventricular  tachyarrhythmias
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Figure  2  Myocardial  infarction  in  the anterior  descending  artery  territory.  Late-enhancement  sequence  in 4  chambers  (left)

and short  axis  (right).  Heterogeneous-looking  infarction  (black  arrows)  in  a  patient  with  several  events  of  sustained  monomorphic

ventricular tachycardia.

and  the  probability  of  success  of electrophysiological  ther-
apies.

Infarction  size

The  CMR’s  capacity  to  quantify  the infarction  size  in the
late-enhancement  sequence  has  been  widely  validated.33

Infarction  size  is  a very  powerful  predictive  factor  for  car-
diac  episodes  during  follow-up34,35 (Fig.  3).  Several  studies
have  proved  that  it is  even  better  than  other  classic  progno-
stic  factors  such as the  left ventricle  ejection  fraction,  the
ventricular  tele-systolic  and  tele-diastolic  volumes,  or  heart
failure-related  symptoms.36---41 In  a  study  with  103 patients
with  ST-elevation  acute  coronary  syndrome  (STEACS)  in
whom  an  CMR  was  performed  during  the first  12  h and  then  6
months  after  revascularization,  who  were  also  followed  for
an  average  of  2.4  years,  late  enhancement  measured  right
after  revascularization  independently  predicted  the  recov-
ery  of  the  left  ventricle  ejection  fraction  at 6 months  as  well
as  major  cardiovascular  episodes,  even  better  than  the ini-
tial  left  ventricle  or  other  clinical  parameters.42 It  is  also
important  to  assess  not  only  the  amount  of  necrosis  but
also  the  extent  of the ischemia.43 The  relationship  between
the  infarction  size  and  the extent  of ischemia  seen in the
first-step  sequence  with  adenosine  infusion  was  significantly
greater  in  STEACS  patients  with  Q  wave  than  in patients  with
non-Q  STEACS  or  NSTE-ACS.44

Right  ventricle  infarction

The  right  ventricle  infarction  is usually  associated  to  a
left  ventricle  inferior  infarction  due  to  the  proximal  right
coronary  artery  occlusion  (Fig.  4).  The  CMR  has  proved
to  be  much  more  sensitive  to  detect  small  right  ven-
tricle  infarctions  than physical  examinations,  ECGs  or
echocardiograms.45,46 The  literature  is  contradictory  when
it  comes  to  establishing  the prognostic  value  of  this infarc-
tion.  Whereas  some  authors  believe  that  the right  ventricle
damage  is a powerful  predictor  of  major  cardiovascular
episodes  during  follow-up,  even  after  the  infarction  size

has  been  normalized  in  the left ventricle---which  can  have
a  significantly  greater  mortality46,47;  others  have not  shown
any  short-term  prognostic  relations  in  the infarction  of
the  right  ventricle.48,49 In sum right  ventricle  AMI can  be
reliably  detected  through  CMR  yet  the prognostic  mean-
ing  of  late  enhancement  in the right  ventricle  remains
unclear.

Microvascular  occlusion

In  approximately  20---50%  of  AMI one  microvascular  occlu-
sion  (MVO) occurs  in the infarcted  myocardium  despite
the  modern  percutaneous  revascularization  techniques.50

The  MVO  can be detected  through  CMR  using  three  dif-
ferent  techniques:  first-step  perfusion,  early  enhancement
and  late  enhancement.51,52 The  early-enhancement  tech-
nique  consists  of  a  late-enhancement  sequence  1---2  min
after  the injection  of gadolinium  with  a  generally  high
inversion  time  (400---600  mseg) that  does  not  cancel  the
normal  myocardium.  The  MVO  area  is  a hypointense  area
that  clearly  differentiates  from  both  the normal  and  the
infarcted  myocardium.  An  early  MVO  can  also  be detected
in  the basal  first-step  sequence.  The  latter  technique  con-
sists  of performing  a late-enhancement  sequence  10---15 min
after  the injection  of  contrast.  This  late  MVO  is  a hypointen-
sity  area  within  the infarcted  myocardium  hyperintense
area,  often  extending  from  the  subendocardium.  There  is  no
consensus  yet  whether  the MVO  should  be assessed  through
early  or  late  enhancement  (Fig.  5). The  extent  of early
MVO  correlates  well  with  anatomopathologic  findings.11

Several  studies  have  proved  that  early  MVO  is  useful to
predict  both  the left ventricle  function  and  the  ventric-
ular  remodeling  after  one  year, as  well  as  the size  of
the  infarction  and transmural  character.53---55 However,  it
does  not  have  a good  correlation  with  TIMI  (thrombol-

ysis  in myocardial  infarction)54 angiographic  parameters.
Other  authors  have  described  a similar  prognostic  value
for  late  MVO,55 and for  some  it  is a  better predictor  than
early  MVO53 is  a  phenomenon  that can accompany  MVO  is
myocardial  hemorrhage.  In  several  experimental  models  it
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# Pix 387.5

Perim 169.0 mm

Area 540.1 mm2

Avg 115.7 GY

Dev 33.36

Figure  3  Quantification  of  infarction  size.  In  order  to  quantify  infarction  size,  the  gadolinium  uptake  area  perimeter  is outlined

in each  ventricular  cut  showing  enhancement.  The  values  obtained  though  this way and multiplied  by  the  cut’s  thickness  and  the

myocardial  density  (1.05  g/cm3)  are  equivalent  to  the  infarcted  myocardial  mass.  Although  in selected  cases  it  is possible  to  use

planes like  that  of  four  chambers  (A),  short-axis  planes  are  generally  used  (B).  Short-axis  planes  are  generally  used  though  in

selected cases  other  planes  can be  used  (in  this  case  4  chambers)  for  verification  purposes.  The  total  size  of  the  necrosis  area  was

30 g  accounting  for  25%  of the total  mass  of  the  left  ventricle.

has  been  demonstrated  that  hemorrhage  occurs  within  MVO
areas  and that  its  extent  is  proportional  to  the  duration
of  the  ischemia.56 On the other  hand,  it correlates  with
the  size  of  the  infarction  and  increases  proportionally  with
the  occlusion  time  prior  to  perfusion.57 Myocardial  hemor-
rhage  can  be detected  through  T2  and  T2*  sequences.  In  the
T2  sequences  it is identified  as  a  hypointense  area  within
the  hyperintense  edema  area.  Given  MVO  also  presents
this  behavior,  it is  difficult  to  differentiate  them;  there-
fore  so  to  diagnose  myocardial  hemorrhage  we  rather use
T2*  sequences  which are  also  more  sensitive  due  to  the
paramagnetic  effect  of  hemoglobin  degradation.58---62 The
size  of  the hemorrhage  is  always  smaller  than  that  of  the
MVO  and  is  identified  in the T2* sequence  as  a hypointense
area.56---58

In sum  early  or  late  MVO  in one  AMI  has  a  worse  prog-
nosis.  Therefore,  detecting  it will make  us  consider  more
modern,  strict  medical  treatments  and  a closer  monitoring
of  patients.59,60

Prognostic utility of  magnetic
cardio-resonance  in  the  chronic  ischemic
heart disease

Inducible  myocardial  ischemia

Stress  CMR with  inotropic  drugs  such  as  dobutamine,  or
vasodilators  such as  adenosine  or  dipyridamole,  are  tech-
niques  used to diagnose  myocardial  ischemia.  Myocardial
stress  is  not only  useful  to  detect  coronary  stenosis  with
functional  repercussion,  but  also  to  establish  its prognosis.

Dobutamine  stress  CMR  has  been  used to stage risk  in
patients  with  intermediate  risk  before  non-cardiac  surgical
interventions.  A positive  CMR---dobutamine  can indepen-
dently  predict  infarction,  death  or  heart  failure  during or
after  intervention.63 In  a  study  with  dobutamine  and  adeno-
sine  stress  CMR  in  patients  with  chest  pain  or  dyspnea  and
suspicion  of  coronary  artery disease,  the survival  free  of

Figure  4  Right  ventricle  infarction.  The  short-axis,  late-enhancement,  four-chamber  images  show  transmural  enhancement  in

the inferior  side  and  part  of the  left  ventricle  free  wall  (black  arrows).  We  can also observe  an  inferior  septal  infarction  and  at  the

inferior side  of the left  ventricle  (white  arrows).
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Figure  5  Microvascular  occlusion  in  sequences  of  (A)  and  (B)  early  enhancement  and  (C)  and  (D)  late  enhancement.  The  early-

enhancement  images,  (A)  short  axis  and  (B)  two  chambers  show  the  microvascular  occlusion  (MVO)  as  hypointense  areas  (black

arrows). The  late-enhancement  sequence  in (C)  short  axis  and  (D)  two  chambers  of  the  same patient  shows  the  hyperintense

infarction  area  (asterisk)  and  in the  inside  hypointense  areas  signaling  the  MVO.  The  MVO  is more  easily  detectable  in the  early-

enhancement  sequence.

cardiac  episodes  after  3  years  was  significantly  greater  in
patients  with  normal  CMR---dobutamine  or  CMR---adenosine.64

In  addition,  a normal  stress  test  predicted  better  the
episodes  that  the  cardiovascular  risk  factors  or  the
segmental  contractility  defects.  Other  studies  have  proved
the  usefulness  and prognostic  value  of CMR---dobutamine
when  it  is not  possible  to  perform  stress  echocardiography
examinations.65 Dobutamine-induced  ischemia  was  signif-
icantly  associated  with  a future  myocardial  infarction  or
heart-related  death,  irrespective  of  the  existence  of car-
diovascular  risk  factors  or  significant  coronary  artery  disease
(Fig.  6).

The  prognostic  value  of  CMR  with  vasodilating  drugs
has  been  proven  in several  studies64 (Fig.  7). In one  of
them  with  218  patients  with  suspicion  of  coronary  artery
disease  and  negative  CMR---adenosine,  the  rate  of  major
cardiovascular  episodes  after  12  months  was  2/218,  with-
out  cases  of  death  or  infarction.  The  negative  predictive
value  of  CMR---adenosine  was  99.1%.  Therefore,  a  negative
test  can  reduce  the number  of unnecessary  invasive  coro-
nary  angiographies.66 In  another  paper  with  dipyridamole
stress  CMR  with  420  patients  with  chest  pain  and known
or  suspected  coronary  artery  disease,  the rate  of  major

cardiovascular  episodes,  after  a 420-day-follow-up,  was  sig-
nificantly  greater  in patients  with  induced  perfusion  defect.
In  addition,  in  the  multivariant  analysis,  the extent  of
segmental  contractility  disorders  induced  during  the dipyri-
damole  infusion  was  independently  associated  with  the rate
of  major  cardiovascular  episodes.67 CMR  with  adenosine  has
also  been  useful  to  stage  risk  in patients  with  acute  chest
pain  in the  ER.68 In patients  with  a  negative  stress test,
the free  of  episodes-survival  rate  after  a  year  of  follow-up
was  significantly  greater  if there  was  a perfusion  defect  in
the  CMR---adenosine.  Therefore,  in patients  with  suspicion  of
coronary  artery  disease  or  known  coronary  disease,  the fact
of  not  finding  myocardial  ischemia  with  CMR---dobutamine  or
vasodilating  drugs  is  a  sign  of  good  prognosis.69

Two  other  factors  also  valuable  to  predict  functional
recovery  are myocardial  thickness  and contractile  reserve.
Parietal  telediastolic  thickness  of  the  left ventricle  ≥5.5  mm
and  systolic  thickness  ≥1  mm  in the CMR  are related  with
feasibility  determined  through  SPECT  or  PET.70 Neverthe-
less  we  must  remember  that  parietal  thickness  per  se  has
high  sensitivity  (95%) but  low  specificity  (41%) to  estab-
lish  unfeasibility.  Contractile  reserve  is  studied  through
CMR  and  low dobutamine  doses  (5---20 �g/kg/min).  One



208  A.  Hidalgo,  G.  Pons-Lladó

L1S1.201/s3p5 L1S1.201/s2p5 L1S1.201/s1p5

L1S1.701/s3p5 L1S1.701/s2p5 L1S1.701/s1p5

L1S2.301/s3p5 L1S2.301/s2p5 L1S2.301/s1p5

DBT high dose

DBT low dose

Repose

Figure  6  Detection  of  ischemia  though  stress  dobutamine  cardiovascular  magnetic  resonance.  The  systole  image  of  the left

ventricle with  low-dose  dobutamine  (20  �g/kg/min)  is correct.  With  high-dose  dobutamine  (40  �g/kg/min)  hypokinesia  is  observed

in the  anterior,  lateral  mid-basal  side  and  in all of  the  left  ventricle  apex  (white  arrows)  in  a  female  patient  with  significant  lesion

of the  common  trunk.

L1S801/s3p30

Repose

L1S801/s2p30 L1S801/s1p30

L1S1.001/s3p39 L1S1.001/s2p39 L1S1.001/s1p39

Adenosine

Figure  7  Detection  of  ischemia  with  CMR  and  adenosine.  The  first-step  perfusion  sequence  during  the  adenosine  infusion  shows  a

perfusion defect  in the  inferior---lateral  basal  and  middle  segments  (white  arrows)  in a  patient  with  significant  lesion  in the  circumflex

artery.
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Figure  8  Hidden  myocardial  necrosis.  The  electrocardiogram  shows  no signs  of  infarction  in a  female  patient  in whom  the

late-enhancement  sequence  shows  an  evident  septal  basal  infarction.

parietal  thickening  ≥2  mm  during  the  injection  of  dobut-
amine  predicts  the  recovery  of  segmental  contractility  after
revascularization  way  better  than  the preservation  of the
telediastolic  myocardial  thickness.70

Hidden  myocardial  necrosis

Late-enhancement  sequence  shows  excellent  sensitivity  and
specificity  to  detect  even  very  small  myocardial  scars.71 In
addition,  there  are  data  indicating  that  late-enhancement
CMR  can  identify  misdiagnosed  myocardial  infarctions  whose
existence  has  important  prognostic  implications.72 In  a  study
of  a  sample  of  patients  over 70  years  old,  late-enhancement
sequence  detected  nearly  20%  of  necrosis  in patients  with-
out  a  history  of prior  infarctions  (Fig.  8). The  prevalence
of  hidden  myocardial  necrosis  seems  to be  greater  among
patients  with  high  cardiovascular  risk.71 In a  study  of 195
patients  with  suspicion  of  coronary  artery  disease  but  with-
out  a  known  history  of  AMI 44  showed  late  enhancement.
Even  with  little late  enhancement,  the risk  was  high  and
the  prognostic  value  of major  cardiovascular  episodes  and
cardiac  death  was  greater  than that  of  the  conventional
functional  and  angiographic  predictors.73 Similar  findings
have  been  described  in diabetic  patients  without  a history  of
prior  infarctions.  Therefore,  late  enhancement  in patients
with  suspicion  of  coronary  artery  disease  can  improve  risk
stratification.71---73

Conclusion

The  CMR  is  an essential  tool  in patients  with  cardiovas-
cular  disease  and it  provides  morphological  (ventricular
volumes,  presence  and  extent  of  myocardial  necrosis  and
microvascular  occlusion)  and functional  parameters  (global
and  segmental  function,  ischemia)  in the same  examination.
All  these  factors  have  proved  to predict  not only  survival  but
also  the  occurrence  of future  cardiovascular  episodes.

Ethical responsibilities

Protection  of  people  and  animals.  Authors  confirm  that  no
experiments  have  been  performed  on  human  beings  or  ani-
mals.

Data confidentiality.  Authors  confirm  that  there  are no  per-
sonal  data  from  patients  in this article.

Right  to  privacy  and  informed  consent.  Authors  confirm
that  in this report  there  are  no  personal  data  from  patients.

Authors

1. Manager  of the  integrity  of the  study: AH.
2.  Original  idea  of  the  study:  AH.
3. Study  design:  AH.
4.  Data  mining:  AH and  GPLl.
5. Data  analysis  and interpretation:  AH and  GPLl.
6. Statistical  analysis:  N/A.
7.  Reference  search: AH.
8. Writing:  AH.
9.  Critical review  of  the manuscript  and intellectually  rel-

evant  remarks:  AH  and GPLl.
10.  Approval  of  final  version:  AH and  GPLl.

Conflict  of  interest

The  authors  declared  no  conflicts  of  interest.

References

1. INE. Encuesta Nacional de Salud. Ministerio de Sanidad y Con-

sumo; 2006. Available from: http://www.ine.es/inebmenu/

mnu salud.htm (accessed 10.06.14).

2. Grau M,  Elosua R, Cabrera de León A, Guembe MJ, Baena-Díez,

Vega T, et al. Factores de riesgo cardiovascular en España en

la primera década del siglo XXI: análisis agrupado con datos

individuales de 11 estudios de base poblacional, estudio DARIOS.

Rev Esp Cardiol. 2011;64:295---304.

3. Mahrholdt H, Klem I, Sechtem U. Cardiovascular MRI for

detection of  myocardial viability and ischemia. Heart.

2007;93:122---9.

4. Einstein AJ, Berman DS, Min JK, Hendel RC, Gerber TC, Carr

JJ, et al. Patient-centered imaging: shared decisión making for

cardiac imaging procedures with exposure to ionizing radiation.

J Am Coll Cardiol. 2014;63:1480---9.

5. Nesto RW, Kowalchuk GJ. The ischemic cascade: temporal

sequence of  hemodynamic, electrocardiographic and symp-

tomatic expressions of  ischemia. Am J  Cardiol. 1987;59:23---30.

http://www.ine.es/inebmenu/mnu_salud.htm
http://www.ine.es/inebmenu/mnu_salud.htm
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0010
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0015
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0020
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0025


210  A.  Hidalgo,  G.  Pons-Lladó

6. Detry JM. The pathophysiology of myocardial ischaemia. Eur

Heart J. 1996:48---52, 17 Suppl G.

7. Reimer KA, Jennings RB. The wavefront progression of myocar-

dial ischemic cell dearth. Transmural progression of necrosis

within the framework of ischemic bed size (myocardium at  risk)

and colateral flow. Lab Invest. 1979;40:633---44.

8. Moreu-Burgos J, Macaya C. Fisiopatología del miocardio

isquémico. Importancia de la frecuencia cardíaca. Rev Esp Car-

diol. 2007;7:19---25.

9. Walls MC, Verhaert D,  Raman SV. Myocardial edema imag-

ing in acute coronary syndromes. J  Magn Reson Imaging.

2011;34:1243---50.

10. Yellon DM, Hausenloy DJ. Myocardial reperfusion injury. N  Engl

J Med. 2007;357:1121---35.

11. Wu KC, Zerhouni EA, Judd RM, Lugo-Olivieri CH, Barouch LA,

Schulman SP, et al. Prognostic significance of  microvascular

obstruction by magnetic resonance imaging in patients with

acute myocardial infarction. Circulation. 1998;97:765---72.

12. Braunwald E, Kloner RA. The stunned myocardium: pro-

longed, postischemic ventricular dysfunction. Circulation.

1982;66:1146---9.

13. Shah BN, Khattar RS, Senior R. The hibernating myocardium:

current concepts, diagnostic dilemas, and clinical challenges in

the post-STICH era. Eur Heart J.  2013;34:1323---34.

14. Stuber M,  Weiss RG. Coronary magnetic resonance angiography.

J Magn Reson Imaging. 2007;26:219---34.

15. Sun Z, Ng KH. Coronary computed tomography angiography in

coronary artery disease. World J Cardiol. 2011;3:303---10.

16. Thiele H, Nagl E, Paetsch I,  Schnackenburg B, Bornstedt A,

Kouwenhoven M,  et  al. Functional cardiac MR imaging with

steady-state free precession (SSFP) significantly improves endo-

cardial border delineation without contrast agents. J  Magn

Reson Imaging. 2001;14:362---7.

17. Ganame J, Messalli G, Masci PG, Dymarkowski S, Abbase K,  Van

de Werf  F, et al. Time course of  infarct healing and left ventricu-

lar remodeling in patients with reperfused ST-segment elevation

myocardial infarction using comprehensive magnetic resonance

imaging. Eur Radiol. 2011;21:693---701.

18. Saeed M, Hetts SW,  English J,  Wilson M.  MR fluoroscopy in

vascular and cardiac interventions. Int J Cardiovasc Imaging.

2012;28:117---37.

19. San Román JA, Candell-Riera J, Arnold R,  Sánchez PL,

Aguadé-Bruix S, Bermejo J, et  al. Análisis cuantitativo de la

función ventricular izquierda como herramienta para la inves-

tigación clínica Fundamentos y metodología. Rev Esp Cardiol.

2009;82:535---51.

20. Estornel J, González R, Igual B, López-Lereu Maceira A, Martín

J. Detección de isquemia mediante resonancia magnética

cardíaca. Rev Esp Cardiol Suppl. 2006;6:41E---8E.

21. Gerber BL,  Raman SV, Nayak K,  Epstein F, Ferreira P, Axel L,  et al.

Myocardial first-pass perfusion cardiovascular magnetic reso-

nance history, theory, and current state of the art. J Cardiovasc

Magn Reson. 2008;28:10---8.

22. Prasad SK, Lyne J, Chai P, Gatehouse P. Role of  CRM in assess-

ment of myocardial perfusion. Eur Radiol. 2005;15 Suppl 2:

B42---7.

23. Abdel-Aty H, Simonetti O, Friedrich M.  T2-weighted cardio-

vascular magnetic resonance imaging. J  Magn Reson Imaging.

2007;26:452---9.

24. Abdel-Aty H, Cocker M, Meek C, Tyberg JV, Friedrich MG.

Edema as a very early marker for acute myocardial ischemia:

a cardiovascular magnetic resonance study. J  Am Coll Cardiol.

2009;53:1194---201.

25. Giri S, Chung YC, Merchant A, Mihai G, Rajagopalan S, Raman

SV, et al. T2  quantification for improved detection of  myocardial

edema. J Cardiovasc Magn Reson. 2009;11:56.

26. Kim RJ, Fieno DS, Parrish TB, Harris K, Chen EL, Simonetti O,

et al. Relationship of  MRI delayed contrast enhancement to

irreversible injury, infarct age, and contractile function. Cir-

culation. 1999;100:1992---2002.

27. Rubenstein JC, Lee DC, Wu E, Kadish AH, Passman R,  Bello

D, et  al. A comparison of cardiac magnetic resonance imaging

peri-infarct border zone quantification strategies for the pre-

diction of ventricular tachyarrhythmia inducibility. Cardiol J.

2013;20:68---77.

28. Schmidt A, Azevedo CF, Cheng A, Gupta SN, Bluembke DA, Foo

TK, et  al. Infarct tissue heterogeneity by magnetic resonance

imaging identifies enhanced cardiac arrhythmia susceptibil-

ity  in patients with left ventricular dysfunction. Circulation.

2007;115:2006---14.

29. Yan AT, Shayne AJ, Brown DA, Gupta SN, Chan CW, Lu TM,

et  al. Characterization of the peri-infarct zone by contrast-

enhanced cardiac magnetic resonance imaging is a powerful

predictor of  post-myocardial infarction mortality. Circulation.

2006;114:32---9.

30. Roes SD, Borleffs CJ, van der Geest RJ, Westenberg JJ, Marsan

NA, Kaandorp TA,  et al. Infarct tissue heterogeneity assessed

with contrast-enhanced MRI predicts spontaneous ventricu-

lar arrhythmia in patients with ischemic cardiomyopathy and

implantable cardioverter-defibrillator. Circ Cardiovasc Imaging.

2009;2:183---90.

31. Heidary S,  Patel H, Chung J,  Yokota H,  Gupta SN, Bennett MV,

et  al. Quantitative tissue characterization of infarct core and

border zone in patients with ischemic cardiomyopathy by  mag-

netic resonance is associated with future cardiovascular events.

J Am  Coll Cardiol. 2010;55:2762---8.

32. Dawson DK, Hawlisch K, Prescott G, Roussin I, Di  Pietro E, Deac

M, et al. Prognostic role of CMR in patients presenting with ven-

tricular arrhythmias. JACC Cardiovasc Imaging. 2013;6:335---44.

33. Lorgis L, Cochet A, Chevallier O, Angue M,  Gudjoncik A, Lalande

A, et al. Relationship between fragmented QRS and no-reflow,

infarct size, and peri-infarct zone assessed using cardiac mag-

netic resonance in patients with myocardial infarction. Can J

Cardiol. 2014;30:204---10.

34. Husser O, Monmeneu JV, Sanchis J, Nunez J,  Lopez-Lereu

MP, Bonanad C, et al. Cardiovascular magnetic resonance-

derived intramyocardial hemorrhage after STEMI: influence

on long-term prognosis, adverse left ventricular remodeling

and relationship with microvascular obstruction. Int J  Cardiol.

2013;167:2047---54.

35. De Waha S,  Desch S, Eitel I,  Fuernau G, Lurz P, Leuschner A, et  al.

Relationship and prognostic value of microvascular obstruc-

tion and infarct size in ST-elevation myocardial infarction as

visualized by magnetic resonance imaging. Clin Res Cardiol.

2012;101:487---95.

36. Kim RJ1, Wu E, Rafael A, Chen EL,  Parker MA, Simonetti O,

et al. The use of  contrast-enhanced magnetic resonance imag-

ing to identify reversible myocardial dysfunction. N  Engl J  Med.

2000;343:1445---53.

37. Yokota H, Heidary S, Katikireddy CK, Nguyen P, Pauly JM,

McConnell MV, et  al. Quantitative characterization of  myocar-

dial infarction by cardiovascular magnetic resonance predicts

future cardiovascular events in patients with ischemic car-

diomyopathy. J  Cardiovasc Magn Reson. 2008;10:17.

38. Cheong BY, Muthupillai R, Wilson JM, Sung A, Huber S,  Amin S,

et  al. Prognostic significance of delayed-enhancement magnetic

resonance imaging: survival of  857 patients with and without

left ventricular dysfunction. Circulation. 2009;120:2069---76.

39. Wu E, Ortiz JT, Tejedor P, Lee DC, Bucciarelli-Ducci C, Kansai P,

et  al. Infarct size  by contrast enhanced cardiac magnetic reso-

nance is a stronger predictor of outcomes than left ventricular

ejection fraction or end-systolic volumen index: prospective

cohort study. Heart. 2008;94:730---6.

40. Lonborg J,  Vejlstrup N, Kelbaek H, Holmvang L, Jorgensen E,

Helqvist S,  et al. Final  infarct size  measured by cardiovascular

magnetic resonance in patients with ST  elevation. Myocardial

http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0030
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0035
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0040
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0045
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0050
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0055
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0060
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0065
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0070
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0075
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0080
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0085
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0090
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0095
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0100
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0105
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0110
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0115
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0120
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0125
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0130
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0135
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0140
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0145
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0150
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0155
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0160
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0165
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0170
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0175
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0180
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0185
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0190
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0195
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200
http://refhub.elsevier.com/S2173-5107(15)00028-2/sbref0200


Usefulness  of  cardiac  MRI  in the  prognosis  and  follow-up  of  ischemic  heart  disease  211

infarction predicts long-term clinical outcome: an observational

study. Eur Heart J Cardiovasc Imaging. 2013;14:387---95.

41. Merlos P, López-Lereu MP, Monmeneu JV, Sanchís J, Núñez J,
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