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Summary
Background.  —  In  patients  undergoing  balloon  pulmonary  angioplasty  (BPA)  for  inoperable
chronic thromboembolic  pulmonary  hypertension  (CTEPH),  single-centre  series  from  expert
centres have  recognized  a  learning  curve  for  the  magnitude  of  haemodynamic  benefits.
Objective.  —  To  report  our  7-year  experience  with  BPA,  focusing  on  haemodynamic  effects,
complication  rates  and  radiation  exposure  over  time.
Methods.  —  Patients  with  CTEPH  who  were  treated  with  BPA  between  May  2013  and  February
2020 were  analysed  during  the  ‘initial  period’  versus  the  ‘recent  period’  (split  date:  March
2017).
Results.  —  Among  192  patients  who  underwent  at  least  one  BPA  procedure,  156  were  included
in the  safety/radiation  analysis  and  119  were  included  in  the  efficacy  analysis.  During  the
‘recent period’  versus  the  ‘initial  period’,  the  median  [interquartile  range]  number  of  proce-
dures per  patient  was  higher  (4.5  [4.0—6.0]  vs.  4.0  [3.0—4.0];  P  =  0.03),  as  was  the  number  of
dilated vessels  per  procedure  (4.0  [3.5—5.0]  vs.  3.5  [3.0—4.0];  P  =  0.002).  Changes  in  haemody-
namic parameters  were  also  greater  (mean  pulmonary  artery  pressure:  −22%  [−31%  to  −14%]
vs. −37%  [−44%  to  −29%];  P  =  0.001;  pulmonary  vascular  resistance:  −38%  [−51%  to  −8%]  vs.
−53% [−69%  to  −33%];  P  =  0.002);  complication  rates  were  similar  (5.7%  vs.  9.3%  of  procedures;
P =  0.38);  and  radiation  exposure  was  lower  (effective  dose  per  patient:  43.9  [31.6—66.5]  vs.
67.8 [47.9—101.9]  mSv;  P  <  0.001).
Conclusion.  —  Our  analysis  is  consistent  with  a  learning  curve  for  the  magnitude  of  haemody-
namic improvements.  The  complication  rate  was  low  and  did  not  change  over  time,  but  radiation
exposure decreased.
©  2022  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Contexte.  —  Le  traitement  par  angioplastie  pulmonaire  a  montré  son  efficacité  chez  les  patients
atteints d’hypertension  pulmonaire  thromboembolique  chronique  dans  plusieurs  études  obser-
vationnelles  monocentriques,  avec  néanmoins  un  effet  « courbe  d’apprentissage  » sur  les
résultats.
Objectif.  — L’objectif  est  de  rapporter  notre  expérience  des  7  dernières  années  sur
l’angioplastie  pulmonaire,  en  termes  d’efficacité  hémodynamique  et  de  sécurité.
Méthodes.  — Les  patients  traités  dans  notre  centre  par  angioplastie  pulmonaire  entre  mai
2013 et  février  2020  ont  été  inclus  dans  l’analyse.  La  cohorte  a  été  séparée  en  2  sous-groupes
(« période  initiale  » vs  « période  récente  »).
Résultats.  —  Parmi  les  192  patients  qui  ont  bénéficié  d’au  moins  une  séance  d’angioplastie  pul-
monaire, 156  patients  avaient  des  données  disponibles  concernant  la  sécurité  et  l’irradiation,  et
119 patients  avaient  une  évaluation  complète  et  étaient  ainsi  inclus  dans  l’analyse  d’efficacité.
En comparaison  de  la  « période  initiale  »,  nous  avons  mis  en  évidence  sur  la  « période  récente  »
les constatations  suivantes  :  un  nombre  de  procédure  par  patient  et  un  nombre  de  vaisseaux
dilatés par  procédure  plus  important  (4,6  ±  1,9  vs  3,8  ±  1,3  ;  p  =  0,02  et  4,1  ±  1,0  vs  3,5  ±  1,1  ;
p =  0,002,  respectivement)  ;  une  meilleure  efficacité  hémodynamique  (variation  de  résistances
vasculaires  pulmonaires  :  4,4  ±  3,4  vs  2,9  ±  3,4  UW  ;  p  =  0,04)  ;  un  taux  de  complications  simi-
laire (6  %  vs  9  %  des  procédures  ;  p  =  0,38)  ;  et  un  taux  d’irradiation  plus  faible  (Air  Kerma  par
patient :  2991  ±  2019  vs  3958  ±  2686  mGy  ;  p  =  0,02).
Conclusion.  —  Notre  étude  confirme  la  présence  d’une  courbe  d’apprentissage  sur  l’impact
hémodynamique  de  l’angioplastie  pulmonaire.  Le  taux  de  complication  n’a  pas  évolué  au  cours
du temps  mais  le  taux  d’irradiation  a  diminué.
© 2022  Elsevier  Masson  SAS.  Tous  droits  réservés.
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hronic  thromboembolic  pulmonary  hypertension  (CTEPH)
s  a  progressive  pulmonary  vascular  disease  that  results
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rom  occlusion  of  large  pulmonary  arteries  by  persistent

hrombi  and  from  distal  small-vessel  vasculopathy  leading
o  pulmonary  hypertension  (PH),  right  ventricular  failure
nd,  if  untreated,  to  death  [1].  Pulmonary  endarterectomy
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PEA)  is  the  gold  standard  treatment  for  operable  CTEPH,
ut  approximately  40%  of  patients  with  CTEPH  are  judged
noperable  because  of  distal  lesions  and/or  the  presence
f  comorbidities  [2].  Balloon  pulmonary  angioplasty  (BPA),
lone  or  in  combination  with  PH-targeted  drugs,  has
merged  in  recent  years  as  a  novel  treatment  approach
n  patients  with  CTEPH  [3].  After  an  initial  experience
eported  in  2001  that  was  associated  with  high  morbidity
nd  mortality  [4],  BPA  has  been  refined  by  Japanese  teams
5—7]  and,  thereafter,  by  an  increasing  number  of  teams  all
ver  the  world  [8].  Data  have  now  been  accumulated  on  the
ffectiveness  of  BPA  in  terms  of  functional  and  haemody-
amic  status,  cardiac  biomarkers,  right  ventricular  function,
uality  of  life  and  even  survival  [9—14].  However,  despite

 large  consensus  regarding  effectiveness,  there  are  still
uestions  that  are  worthy  of  being  addressed.  Firstly,  the
earning  curve  for  BPA  that  has  been  reported  even  in  highly
xperienced  centres  [9]  warrants  confirmation.  Indeed,
lthough  increasing  numbers  of  centres  are  performing  BPA
orldwide,  many  data  suggest  that  the  effectiveness  of
PA  is  poorer  in  centres  reporting  their  initial  experience
15—18]  than  in  more  experienced  centres  [10,19].  As  CTEPH
s  a  rare  disease,  data  linking  experience  and  effectiveness
ay  be  useful  in  estimating  the  number  of  centres  that  can
rovide  access  to  the  technique  for  all  eligible  patients.
econdly,  whether  the  number  of  complications  decreases
ith  increasing  experience  remains  a  matter  of  debate.
ome  referral  centres  have  reported  ‘a  considerable  number
f  complications’  with  their  initial  experience  [18], while
thers  have  considered  the  safety  profile  ‘acceptable’  [20].
hirdly,  a  parameter  that  has  been  largely  neglected  in
atients  undergoing  BPA  is  radiation  exposure.  In  particular,
espite  a  rise  in  the  use  of  BPA,  there  is  a  dearth  of  data  on
adiation  exposure  over  time  from  BPA  procedures.

In  France,  our  centre  in  Grenoble  was  the  first  to  develop
 BPA  programme,  in  2013  [21].  Here,  we  report  our  7-
ear  experience,  focusing  on  the  evolution  of  haemodynamic
ffects,  complication  rates  and  radiation  exposure  over
ime.

ethods

tudy design

e  analysed  data  from  the  ongoing,  prospective,  hospital-
ased  registry  of  patients  with  CTEPH  treated  by  BPA  at
renoble  University  Hospital,  France  (NCT02844036).  All
atients  provided  written  informed  consent  before  partici-
ation.  The  study  protocol  was  approved  by  the  Institutional
eview  Board  (Comité  de  Protection  des  Personnes  Sud-Est
,  2013-AO1036-39).

atients

ll  consecutive  patients  with  CTEPH  who  were  treated  by
PA  between  May  2013  and  February  2020  were  considered
or  inclusion  in  the  current  analysis.  The  diagnosis  of

TEPH  complied  with  current  guidelines  [2],  based  on
edical  history,  physical  examination,  right-side  heart

atheterization,  ventilation/perfusion  lung  scan,  computed
omography  (CT)  pulmonary  angiography,  digital  subtraction

B

C
b

29
ease  115  (2022)  295—304

ngiography  (DSA)  and  dual  energy  computed  tomography
ndings.  All  patients  had  been  deemed  ineligible  for  PEA
ased  on  the  consensus  of  a  multidisciplinary  team  at  the
aris-Sud  University,  as  described  elsewhere  [9].

alloon pulmonary angioplasty

ulse  oxygen  saturation  and  non-invasive  systemic  arterial
ressure  were  carefully  monitored  during  the  procedure
nd  for  24  hours  thereafter.  Electrocardiographic  monitor-
ng  was  used  during  the  procedure.  Vitamin  K antagonists
ere  maintained,  with  an  international  normalized  ratio
f  2—3.  Direct  oral  anticoagulation  therapies  were  stopped
nd  replaced  by  parenteral  anticoagulation  during  hospi-
alization.  A  right  heart  catheterization  was  performed
t  the  beginning  of  the  procedure  to  measure  pulmonary
rtery  pressure  (PAP)  and  cardiac  output  (by  thermodilu-
ion).  Mapping  of  the  target  lesions  was  elaborated  before
he  procedure  using  data  from  the  ventilation/perfusion
can,  CT  pulmonary  angiography,  DSA  and,  when  available,
ual  energy  computed  tomography.  Four  operators  (three
nterventional  cardiologists  [H.  B.,  N.  P.  and  E.  V.]  and  one
nterventional  radiologist  [F.  T.])  performed  all  BPA  proce-
ures.  A  6F  long  sheath  (Flexor,  Cook  Medical,  Bloomington,
SA)  was  introduced  using  a  0.035′′ guidewire  (Guideright,
t  Jude  Medical,  St  Paul,  USA)  through  the  right  femoral
ein  to  the  right  atrium  under  local  anaesthesia.  Inhalation
f  a  50/50  nitrous  oxide/oxygen  mixture  was  added,  if  nec-
ssary.  A  6F  guide  catheter  (Judkins  Right,  Judkins  Left  or
ultipurpose  Launcher,  Medtronic,  Minneapolis,  MN,  USA)
as  introduced  into  the  long  sheath  (using  a  hydrophilic

erumo  0.035′′′′ wire)  to  the  chosen  pulmonary  artery  and
ngiography  was  performed  during  a  short  apnoea.  The  tar-
eted  lesion  was  crossed  with  a  0.014′′ hydrophilic  wire
Pilot  150,  Abbott  Vascular,  Santa  Clara,  CA,  USA  or  Versat-
rn,  Abbott  Vascular,  Santa  Clara,  CA,  USA).  The  appropriate
ize  of  the  balloon  was  determined  by  angiography.  Balloon
ngioplasty  was  performed  with  a percutaneous  translu-
inal  angioplasty  balloon  dilatation  catheter  of  diameter

—7  mm  diameter  and  length  20  mm  (Euphora,  Medtronic,
inneapolis,  MN,  USA;  RX  Muso,  Terumo,  Tokyo,  Japan).
elective  angiography  was  performed  after  each  inflation
o  (1)  confirm  a  good  result  of  the  angioplasty,  defined  as
n  angiographic  pulmonary  flow  grade  3  with  good  venous
eturn  flow  and  (2)  exclude  a  potential  lung  injury.  All
atients  underwent  a  chest  X-ray  after  the  procedure.

Two  to  10  segmental  or  subsegmental  arteries  were
reated  during  each  BPA  procedure,  depending  on  patient
everity,  procedure  time  and  the  amount  of  contrast  media
iven.  As  patients  were  from  a  large  area  in  the  south-
ast  part  of  France,  BPA  procedures  were  performed  in  a
tage-by-stage  manner  with  two  procedures  per  week  sep-
rated  by  a  minimum  of  2  days  with  the  aim  of  avoiding
ultiple  hospitalizations.  When  procedures  were  uncompli-

ated,  discharge  from  hospital  occurred  24  hours  after  the
ast  procedure.  The  number  of  procedures  required  was  at
he  discretion  of  the  operators.
PA procedure-related complications

omplications  were  prospectively  recorded  and  adjudicated
y  the  four  operators.  BPA  procedure-related  complications
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N.  Piliero,  F.  Tho

ncluded  haemoptysis,  lung  injury,  use  of  non-invasive  pos-
tive  pressure  ventilation,  oral  intubation  with  mechanical
entilation  and  peri-procedural  death.  Haemoptysis  within
he  24  hours  after  the  BPA  procedure  was  defined  as  a
rocedure-related  event.  Lung  injury  was  defined  as  the
resence  of  lung  opacities  on  a  chest  X-ray  and/or  CT
can  that  occurred  within  1  day  after  the  procedure  and
nduced  prolongation  of  hospitalization.  Non-invasive  posi-
ive  pressure  ventilation  or  oral  intubation  with  mechanical
entilation  was  performed  at  the  discretion  of  the  intensive
are  unit  physicians.  Peri-procedural  death  was  defined  as
eath  that  occurred  within  30  days  of  a  BPA  procedure.

adiation exposure

ata  regarding  radiation  exposure  during  BPA  were  collected
utomatically  with  a  dosimetry  archiving  and  communi-
ation  system  (Radiation  Dose  Monitor,  Medsquare,  Paris,
rance).  The  metrics  that  were  recorded  were  Kerma  area
roduct  (KAP),  fluoroscopy  time  and  reference  air  kerma.
he  effective  dose  was  calculated  by  applying  an  appropri-
te  conversion  factor  of  0.2  mSv/Gy.cm2 to  KAP  values  [22].
ata  were  analysed  per  procedure  and  the  cumulative  dose
as  calculated  for  each  patient.
tatistical analysis

ata  stored  in  the  hospital-based  registry  of  CTEPH  of  the
renoble  University  Hospital  (NCT02844036)  were  analysed.

g
s
t

igure 1. Flow chart of the study population. BPA: balloon pulmonary 

ion; CTED: chronic thromboembolic disease; PEA: pulmonary endartere

29
.  Guillien  et  al.

ll  statistical  analyses  were  performed  using  R  software
version  3.6).

After  assessment  with  the  Shapiro—Wilk  test,  most  of
he  continuous  variables  were  not  normally  distributed  and
esults  for  all  continuous  variables  were  therefore  presented
s  medians  and  interquartile  ranges  (IQRs).  Categorical
ariables  are  presented  as  number  (%).  Comparisons  of
re-  and  post-BPA  parameters  were  performed  using  the
ilcoxon  signed-rank  test  for  paired  data  and  the  McNemar

est  for  continuous  and  categorical  variables,  respectively.
omparisons  between  subgroups  (‘initial  period’  vs.  ‘recent
eriod’  and  ‘included’  vs.  ‘excluded’)  were  performed
sing  the  Wilcoxon—Mann—Whitney  test.  Applying  the  Bon-
erroni  correction  for  multiple  tests  [23],  P  < 0.0025  was
onsidered  significant  for  the  ‘efficacy  analysis’  (number  of
ests  =  20).  Similarly,  P  <  0.0015  was  considered  significant
or  the  ‘safety/radiation  analysis’  (number  of  tests  =  32).  For
he  comparison  of  ‘included’  vs.  ‘excluded’  (supplemental
nalysis),  P  <  0.0025  was  considered  significant  (number  of
ests  =  20).

The  haemodynamic  effects  of  BPA  (‘efficacy  analysis’)
s  well  as  the  complication  rates  and  radiation  exposure
‘safety/radiation  analysis’)  were  compared  between  the
initial  period’  of  the  programme  versus  the  ‘recent  period’.
hese  two  periods  were  separated  by  the  date  at  which  half
he  patients  included  in  the  ‘efficacy  analysis’  had  under-

one  their  first  BPA  procedure.  We  also  used  this  date  to
eparate  the  ‘initial  period’  and  the  ‘recent  period’  for
he  ‘safety/radiation  analysis’.  Thus,  although  the  num-

angioplasty; CTEPH: chronic thromboembolic pulmonary hyperten-
ctomy; PH: pulmonary hypertension.
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Table  1  Baseline  characteristics  of  the  patients  with
CTEPH  in  the  ‘safety/radiation  analysis’.

Patients  (n  =  156)

Clinical  characteristics
Age  (years)  70.0  (62.0—77.6)
Women  84  (53.8)
Body  mass  index  (kg/m2) 25.1  (22.3—28.9)
Recurrent  thromboembolic  disease 34  (21.8)

Functional  status
NYHA  functional  class

I 3  (1.9)
II  51  (32.7)
III  83  (53.2)
IV  19  (12.2)

6-minute  walk  distance  (m)  354  (252—51)
Haemodynamic  parameters

mPAP  (mmHg) 45.0  (38.0—50.0)
PAWP  (mmHg)  10.0  (7.3—13.0)
RAP  (mmHg)  8.0  (6.0—11.0)
Cardiac  index  (L/min/m2)  2.2  (1.8—2.7)
PVR  (Wood  units)  8.4  (6.0—11.7)

BPA  indication
Distal  lesions  115  (73.7)
Unfavourable  risk/benefit  ratio  for
PEA

18 (11.5)

Refusal  of  PEA  12  (7.7)
Post-PEA  11  (7.1)

Associated  conditions
Cancer  or  myeloproliferative
disorder

20 (12.8)

Splenectomy  12  (7.7)
Chronic  inflammatory  disease  4  (2.6)
Permanent  intravascular  device  2  (1.3)
Antiphospholipid  syndrome  1  (0.6)

PAH  therapies
0  53  (34.0)
1  70  (44.9)
2  33  (21.1)

Anticoagulation
Vitamin  K  antagonist  95  (60.9)
Direct  oral  anticoagulation  60  (38.5)

Oxygen  therapy 43  (27.6)

Data are expressed as median (interquartile range) or number
(%). BPA: balloon pulmonary angioplasty; CTEPH: chronic
thromboembolic pulmonary hypertension; mPAP: mean pul-
monary artery pressure; NYHA: New York Heart Association;
PAH: pulmonary arterial hypertension; PAWP: pulmonary artery
wedge pressure; PEA: pulmonary endarterectomy; RAP: right
atrial pressure; PVR: pulmonary vascular resistance.
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er  of  patients  was,  by  definition,  the  same  in  the  ‘initial
eriod’  and  the  ‘recent  period’  for  the  ‘efficacy  analysis’,
his  was  not  necessarily  the  case  for  the  ‘safety/radiation
nalysis’.

esults

atient characteristics

etween  May  2013  and  February  2020,  192  patients  were
reated  by  BPA  in  our  centre.  Among  them,  156  were
ncluded  in  the  safety/radiation  analysis’  and  119  had  a
omplete  invasive  evaluation  available  in  the  database
oth  before  and  after  BPA  and  were  therefore  included
n  the  ‘efficacy  analysis’  of  BPA  (Fig.  1).  The  73  patients
ho  were  excluded  from  the  ‘efficacy  analysis’  generally
ad  similar  characteristics  to  the  119  included  patients,
lthough  mean  PAP  (mPAP)  and  pulmonary  vascular  resis-
ance  (PVR)  were  lower  in  the  excluded  patients  (Table  A.1).
he  ‘initial  period’  (May  2013  to  March  2017)  included
9  patients  in  the  ‘efficacy  analysis’  and  61  patients
n  the  ‘safety/radiation  analysis’;  60  and  95  patients
ere  included  in  the  ‘efficacy’  and  ‘safety/radiation’
nalyses,  respectively,  during  the  ‘recent  period’  (April
017  to  February  2020).  Reasons  for  exclusion  from  the
safety/radiation’  and  ‘efficacy’  analyses  are  summarized
n  Fig.  1.

Baseline  characteristics  of  the  156  patients  included  in
he  ‘safety/radiation  analysis’  are  shown  in  Table  1.  The
edian  (IQR)  age  of  the  patients  was  70.0  (62.0—77.6)  years

nd  53.8%  were  female.  A  history  of  acute  venous  throm-
oembolism  was  reported  in  34  patients  (21.8%).  Before  BPA,
5.9%  of  patients  were  in  New  York  Heart  Association  (NYHA)
unctional  class  II  or  III  and  66.0%  were  receiving  at  least  one
AH-targeted  therapy.  The  main  indications  for  BPA  were  dis-
al  lesions  (73.7%),  unfavourable  risk/benefit  ratio  for  PEA
11.5%),  refusal  of  PEA  (7.7%)  and  persistent  or  recurrent  PH
fter  surgery  (7.1%).

Select  baseline  characteristics  of  the  119  patients
ncluded  in  the  ‘efficacy  analysis’  are  shown  in  Table  2.

ffects of BPA on functional and
aemodynamic parameters

he  median  (IQR)  number  of  procedures  per  patient  was
 (3—5)  and  the  number  of  dilated  vessels  per  procedure
as  4  (3—5).  The  median  (IQR)  duration  between  the  last
PA  procedure  and  the  invasive  evaluation  post-BPA  was  189
143—284)  days.  The  effects  of  BPA  on  serum  N-terminal  pro-
-type  natriuretic  peptide  (NT-proBNP),  exercise  capacity
nd  haemodynamic  parameters  are  presented  in  Table  2.
YHA  functional  class  improved  in  76  patients  (63.9%),
emained  unchanged  in  40  patients  (33.6%)  and  deterio-
ated  in  three  patients  (2.5%).  NT-proBNP  improved,  as  did
-minute  walk  distance,  with  a  median  (IQR)  improvement
f  51  (—14  to  90)  m  (11%  increase  from  baseline).  Haemody-
amic  assessment  showed  improvements  in  mPAP  (median

mprovement  of  28%),  cardiac  index  (by  10%)  and  PVR  (by
9%).

The  main  haemodynamic  and  functional  characteristics
f  patients  did  not  differ  at  baseline  between  the  two
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eriods  (Table  2).  Nevertheless,  the  median  (IQR)  number
f  procedures  per  patient  and  dilated  vessels  per  procedure
ere  lower  during  the  ‘initial  period’:  4  (3—4)  vs.  4.5

4—6)  (P  =  0.03)  and  3.5  (3—4)  vs.  4  (3.5—5)  (P  =  0.002),
espectively.  The  haemodynamic  benefits  were  also  less

uring  the  ‘initial  period’  than  during  the  ‘recent  period’:
edian  (IQR)  relative  change  in  mPAP  was  −22%  (−31%  to
14%)  vs.  −37%  (−44%  to  −29%)  (P  =  0.001)  and  relative
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Table  2  Select  parameters  in  the  119  patients  with  CTEPH  who  had  a  complete  invasive  evaluation  available  in  the  database  both  before  BPA  and  3—6  months  after
the  last  BPA  procedure.

Complete  cohort  (n  =  119)  Initial  period  (n  =  59)  Recent  period  (n  =  60)

Pre-BPA  Post-BPA  Pa Pre-BPA  Post-BPA  Pa Pre-BPA  Post-BPA  Pa

PAH  therapies  0.35  0.90  0.23
0  43  (36.2)  29  (24.4)  23  (39.0)  19  (32.2)  20  (33.4)  10  (16.7)
1  55  (46.2)  58  (48.7)  23  (39.0)  25  (42.4)  32  (53.3)  33  (55.0)
2  21  (17.6)  32  (26.9)  13  (22.0)  15  (25.4)  8  (13.3)  17  (28.3)

NYHA  functional
class

<  0.001  <  0.001  <  0.001

I  1  (0.8)  30  (25.2)  1  (1.7)  10  (16.9)  0  (0.0)  20  (33.3)
II  41  (34.5)  74  (62.2)  18  (30.5)  38  (64.4)  23  (38.3)  36  (60.0)
III  66  (55.5)  14  (11.8)  33  (55.9)  10  (17.0)  33  (55.0)  4  (6.7)
IV  11  (9.2)  1  (0.8)  7  (11.9)  1  (1.7)  4  (6.7)  0  (0.0)

NT-proBNP
(pg/mL)

807  (251—2751)  172  (112—316)  <  0.001  624  (271—2276)  197  (158—379)  0.002  927  (179—2934)  122  (83—245)  <  0.001

6-minute  walk
distance  (m)

373  (290—437)  435  (312—513)  0.003  400  (290—420)  450  (302—550)  0.12  360  (298—443)  430  (318—506)  0.002

Haemodynamic
parameters
mPAP  (mmHg)  42  (35—48)  30  (24—36)  <  0.001  44  (36—50)  34  (29—40)  <  0.001  41  (34—47)  26  (22—31)  <  0.001
Cardiac  index
(L/min/m2)

2.3  (2.0—2.7)  2.6  (2.2—3.0)  <  0.001  2.3  (1.9—2.6)  2.3  (2.0—2.6)  0.29  2.5  (2.0—2.7)  2.8  (2.4—3.2)  <  0.001

PVR  (Wood
units)

7.4  (5.1—10.5)  3.5  (2.8—5.1)  <  0.001  8.0  (6.2—10.6)  5.0  (3.6—6.8)  <  0.001  7.2  (4.9—10.5)  3.0  (2.4—4.0)  <  0.001

SvO2 (%)  63  (58—68)  68  (65—72)  0.010  60  (59—66)  69  (60—71)  0.56  64  (58—68)  67  (66—72)  0.002

Data are expressed as median (interquartile range) or number (%). BPA: balloon pulmonary angioplasty; CTEPH: chronic thromboembolic pulmonary hypertension; mPAP: mean pulmonary
artery pressure: NT-proBNP: N-terminal pro-B-type natriuretic peptide; NYHA: New York Heart Association; PAH: pulmonary arterial hypertension; PVR: pulmonary vascular resistance;
SvO2: mixed venous oxygen saturation.
a P < 0.0025 was considered significant (Bonferroni correction).
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Table  3  BPA  procedure-related  complications  in  the  156  patients  in  the  ‘safety/radiation  analysis’.

Complete  cohort  Initial  period  Recent  period  Pa

Procedure-based  analysis  n  =  646  n  =  235  n  =  411
Haemoptysis  23  (3.6)  12  (5.1)  11  (2.7)  0.17
Lung  injury  19  (2.9)  7  (3.0)  12  (2.9)  0.96
NIV  post-procedure  4  (0.6)  1  (0.4)  3  (0.7)  1.00

Patient-based  analysis  n  =  156  n  =  61  n  =  95
Haemoptysis  18  (11.5) 10  (16.4) 8  (8.4)  0.21
Lung  injury 18  (11.5) 6  (9.8) 12  (12.6) 0.56
NIV  post-procedure 4  (2.6) 1 (1.6) 3  (3.2) 0.95
≥  1  BPA-related  complication  26  (16.7)  11  (18.0)  15  (15.8)  0.88
Peri-procedural  death  1  (0.6)  0  (0.0)  1  (1.1)  1.00

Data are expressed as number (%). BPA: balloon pulmonary angioplasty; NIV: non-invasive ventilation.
a P < 0.0015 was considered significant (Bonferroni correction).
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hange  in  PVR  was  −38%  (−51%  to  −8%)  vs.  −53%  (−69%
o  −33%)  (P  =  0.002).  The  improvement  in  NYHA  functional
lass  was  similar  during  both  periods  (Table  2).

PA procedure-related complications

 total  of  646  procedures  were  analysed  in  156  patients
Table  3).  Complications  related  to  BPA  occurred  in  46  proce-
ures  (7.1%  of  all  procedures).  Twenty-six  patients  (16.7%)
eveloped  at  least  one  BPA-related  complication  and  one
eri-procedural  death  occurred.  The  rate  of  complications
as  similar  during  the  two  periods  (9.3%  of  procedures  dur-

ng  the  ‘initial  period’  and  5.7  during  the  ‘recent  period’;
 =  0.38).

adiation exposure

etailed  radiation  exposure  data  are  described  in  Table  4.
ompared  with  the  ‘initial  period’,  radiation  exposure  per
rocedure  was  lower  during  the  ‘recent  period’  (despite  the
umber  of  dilated  vessels  per  procedure  being  higher).  Sim-
larly,  despite  a  higher  number  of  procedures  per  patient
uring  the  ‘recent  period’,  radiation  exposure  per  patient
as  lower  during  the  ‘recent  period’  than  during  the  ‘initial
eriod’.

iscussion

n  a  statement  published  very  recently  by  the  European  Res-
iratory  Society,  it  has  been  recognized  that  patients  with
TEPH  who  are  not  eligible  for  PEA  (or  who  have  incomplete
esponse  to  PEA)  can  benefit  from  BPA  [27].  By  analysing
ur  large  single-centre  series,  we  have  confirmed  that  BPA
roduced  improvements  in  pulmonary  haemodynamics,  6-
inute  walk  distance  and  NYHA  functional  class  in  selected
atients  with  CTEPH.  By  comparing  the  haemodynamic
ffects  of  BPA,  the  complication  rates  and  the  radiation
xposure  between  patients  treated  during  a  ‘recent  period’

nd  those  treated  during  an  ‘initial  period’,  we  found  that
atients  had  better  haemodynamic  improvements  in  the
recent  period’,  confirming  previous  observations  that  have
uggested  a  learning  curve  period  for  this  procedure  [9].  We
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lso  found  a  higher  number  of  BPA  procedures  per  patient
nd  a  higher  number  of  dilated  vessels  per  BPA  procedure
uring  the  ‘recent  period’.  Nevertheless,  radiation  exposure
er  procedure  and  per  patient  were  lower  during  the  ‘recent
eriod’  than  during  the  ‘initial  period’.  Finally,  in  our  series,
e  did  not  find  a  significant  decrease  in  procedure-related
omplications  over  time.

After  a  single  case  report  in  1988  [24],  it  was  reported  in
001  —  in  a  series  of  18  patients  —  that  pulmonary  angio-
lasty  was  feasible  and  effective  to  improve  pulmonary
aemodynamics,  6-minute  walk  distance  and  NYHA  func-
ional  class  in  patients  with  CTEPH  [4]. These  encouraging
esults  were  confirmed  a  decade  later  by  a  Norwegian
eam  [25]  and  then  by  several  Japanese  teams  [5—7].  Our
eam  performed  the  first  French  case  of  BPA  in  a  patient
ith  CTEPH  in  2013  [21]. Since  then,  we  have  treated  an

ncreasing  number  of  patients  each  year,  with  an  aver-
ge  of  36  new  patients  referred  per  year  during  the  last

 years.  For  all  patients,  eligibility  for  BPA  was  decided  on
he  basis  of  a  consensus  among  a  multidisciplinary  team.
he  median  haemodynamic  improvements  observed  after
PA  in  our  ‘initial  period’  were  22%  and  38%  for  mPAP  and
VR,  respectively.  These  values  are  in  line  with  most  ‘ini-
ial  experiences’,  including  very  recent  ones  [9,15,18,20].
n  contrast,  results  observed  in  the  second  half  of  our
ohort  (that  we  called  our  ‘recent  period’)  were  much  bet-
er,  with  median  drops  in  mPAP  and  in  PVR  that  were  as
igh  as  37%  and  53%,  respectively.  These  haemodynamic
mprovements  were  in  line  with  results  of  centres  with  a
ecognized  experience  with  BPA,  including  Japanese  ones,
hich  have  reported  reductions  in  mPAP  and  PVR  of  31—49%
nd  45—69%,  respectively,  as  recently  summarized  in  a
eview  by  Coghlan  et  al.  [26].

Our  study  was  not  designed  to  determine  the  optimal
umber  of  patients  and/or  procedures  to  be  performed
efore  reaching  a  plateau  in  terms  of  optimal  haemodynamic
mprovements,  and  there  is  currently  no  definition  of  such
optimal  haemodynamic  improvements’.  In  addition,  there
re  no  published  data  available  to  determine,  scientifically,

he  number  of  procedures  or  patients  needed  for  an  operator
o  reach  their  optimal  level,  i.e.  to  treat  patients  with  good
esults  and  without  excessive  morbidity  or  mortality  [27].
ur  results  reinforce  the  existence  of  a  learning  curve  for

1
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Table  4  Radiation  exposure  in  the  156  patients  in  the  ‘safety/radiation  analysis’.

Complete  cohort  Initial  period  Recent  period  Pa

Data  per  procedure  n  =  632  n  =  222  n  =  410
Kerma  area  product  (cGy.cm2)  6047  (3403—10,306)  9294  (5433—14,410)  4730  (2823—7890)  <  0.001
Effective  dose  (mSv)  12.1  (6.8—20.6)  18.6  (10.9—28.8)  9.5  (5.6—15.8)  <  0.001
Reference  air  Kerma  (mGy)  661  (394—1091)b 910  (612—1392)b 556  (356—920)  <  0.001
Fluoroscopy  time  (minutes)  37.9  (27.8—47.2)c 41.4  (31.5—51.1)c 35.4  (26.2—45.7)  <  0.001

Data  per  patient  n  =  155  n  =  60  n  =  95
Kerma  area  product  (cGy.cm2) 26,614  (16,719—38,643)  33,920  (23,942—50,955)  21,949  (15,777—33,267)  <  0.001
Effective  dose  (mSv) 53.2  (33.4—77.3) 67.8  (47.9—101.9) 43.9  (31.6—66.5) <  0.001
Reference  air  Kerma  (mGy) 2690  (1853—4328) 3353  (2204—4441) 2381  (1695—3916) 0.02
Fluoroscopy  time  (minutes) 147  (107—190) 147  (115—177) 152  (106—198) 0.75

Data are expressed as median (interquartile range).
a P < 0.0015 was considered significant (Bonferroni correction).
b Data were missing for 2 patients.
c Data were missing for 1 patient.
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he  magnitude  of  haemodynamic  improvements  after  BPA  in
atients  with  CTEPH.

As  CTEPH  is  a  rare  condition,  and  the  definition  of  a  ‘BPA
entre’  cannot  be  based  solely  on  procedural  volume  [27],
uch  a  learning  curve  for  haemodynamic  improvements  is
orthy  of  consideration  for  the  definition  of  any  new  BPA
entres.  We  suggest  that  criteria  and/or  outcome  thresh-
lds  for  starting  a  BPA  programme  should  be  the  following:
1)  demonstration  of  a  territorial  need:  the  number  of  20
atients  per  year  referred  for  BPA  should  be  considered  the
inimum  for  a  new  BPA  centre  to  be  approved;  (2)  training

f  operators:  a  direct  mentorship  from  a  high-volume  centre
ollowed  by  experience  of  ≥  50  procedures  is  considered  the
inimum  for  an  operator  to  treat  patients  with  good  results

nd  without  excessive  morbidity  or  mortality  and  (3)  appro-
riate  patient  selection:  the  setting  up  of  a  multidisciplinary
iscussion  with  the  participation  of  a  thoracic  surgeon  expe-
ienced  in  PEA  for  CTEPH  (gold  standard  for  operable  forms)
s  considered  mandatory.

Owing  to  the  rarity  of  CTEPH  and  the  need  for  specific
anagement  of  this  disease,  many  countries  have  chosen  a
yramidal  organisation  of  patient  management.  Such  organ-
sation  comprises  one  (or  a  few)  reference  centres,  several
ompetence  centres  (located  mostly  in  university  hospi-
als),  local  specialists  and  general  practitioners.  However,
here  is  no  legal  text  in  France  defining  the  number  of  sites
reference  centres  or  competence  centres)  where  specific
reatments  such  as  BPA  can  be  performed.  We  believe  that
n  the  framework  of  a  pyramidal  network  organisation,  the
umber  of  centres  performing  BPA  in  a  given  country  could
e  adjusted  according  to:  (1)  the  capacity  of  the  network
o  identify  patients  with  CTEPH  (bearing  in  mind  that  this
isease  is  currently  considered  under-diagnosed);  (2)  the
volution  of  treatment  recommendations  for  these  patients
bearing  in  mind  that  the  role  of  PH-targeted  medical  ther-
py  in  relation  to  BPA  still  has  to  be  better  defined  and  that
reatment  goals  and  key  endpoints  for  completing  BPA  inter-
entions  still  need  to  be  better  identified)  and  (3)  the  policy

f  the  countries  involved  (one  centre  in  one  country  versus
everal  centres  treating  a  minimum  of  20  BPA  patients  per
ear).
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The  reasons  why  haemodynamic  effects  may  vary  from
ne  centre  to  another  remains  questionable.  Our  study  sug-
ests  that  with  increasing  experience,  both  the  number  of
rocedures  per  patient  and  the  number  of  treated  vessels
er  procedure  may  increase.  It  is  therefore  plausible  that
etter  haemodynamic  improvements  in  some  centres  are  at
east  in  part  a  consequence  of:  (1)  better  identification  of
essels  to  be  dilated  (presumably,  at  least  in  part,  thanks  to
n  improved  use  of  imaging  techniques  such  as  dual  energy
omputed  tomography);  (2)  shortening  of  procedures  (allow-
ng  one  to  dilate  an  increased  number  of  vessels  during  a
rocedure,  as  discussed  below)  and/or  (3)  application  of
echnical  refinements  introduced  from  expert  centres  [27].
nother  hypothesis  for  variable  results  between  centres  con-
erns  patient  baseline  characteristics.  There  are  increasing
rguments  in  favour  of  a  relationship  between  the  mag-
itude  of  peripheral  pulmonary  vasculopathy  (that  exists
efore  BPA)  and  residual  PH  after  BPA  [28].  Thus,  it  is  highly
lausible  that  the  importance  of  peripheral  pulmonary  vas-
ulopathy  mitigates  the  haemodynamic  effects  of  upstream
ascular  dilatation  after  BPA  [1].

Safety  concerns  have  regularly  been  raised  regarding
PA.  The  most  frequent  complication  associated  with  BPA

s  lung  injury,  which  is  now  —  by  consensus  —  considered
 consequence  of  mechanical  vascular  injury  during  wire
anipulation  or  balloon  overdilation  and  not  a  reperfusion
ulmonary  oedema  (the  latter  being  observed  after  PEA)
29]. In  the  pivotal  study  published  in  2001,  the  prevalence
f  lung  injury  was  as  high  as  61%  and  17%  of  patients  needed
echanical  ventilatory  support  [4]. Complication  rates  in

he  new  era  are  much  lower.  In  German  and  French  BPA
eries,  complications  occurred  in  9%  and  11%  of  procedures,
espectively  [9,18]. The  complication  rate  in  our  complete
ohort  is  similar,  at  7.1%.  Of  note,  although  the  rate  of
omplications  tended  to  be  lower  during  the  most  recent
eriod  than  during  the  initial  one  in  our  study  (5.7%  vs.  9.3%
f  procedures),  this  difference  was  not  significant.  These
esults  contrast  with  those  of  Brenot  et  al.,  who  reported  a

er  procedure  complication  rate  that  decreased  significantly
rom  16%  to  8%  between  their  initial  and  their  most  recent
eriod  [9].  These  differences  between  the  study  of  Brenot
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t  al.  [9]  and  ours  is  unlikely  to  be  related  to  patients’  sever-
ty  because  baseline  patient  data  were  similar  in  these  two
tudies.  Our  opinion  is  that  some  complications  (particularly
aemoptysis)  were  much  more  frequent  and  severe  during
he  first  year  of  BPA  in  our  centre,  but  that  the  total  dura-
ion  of  the  ‘initial  period’  did  not  allow  this  information  to
ppear  in  our  analysis.

A  parameter  that  has  been  largely  neglected  in  patients
ndergoing  BPA  is  radiation  exposure.  We  report  three  radi-
tion  dose  metrics  that  were  collected  automatically  (KAP,
uoroscopy  time  and  air  kerma)  and  one  metric  (effective
ose)  that  was  calculated  from  the  KAP.  One  important  and
riginal  result  is  that  although  the  number  of  dilated  ves-
els  per  BPA  procedure  was  higher  during  the  ‘recent  period’
han  during  the  ‘initial  period’  of  our  study,  radiation  expo-
ure  (including  fluoroscopy  time)  per  procedure  was  much
ower  during  the  ‘recent  period’.  In  other  words,  the  fluo-
oscopy  time  needed  to  dilate  one  single  vessel  was  reduced
ith  experience.  In  addition,  although  total  fluoroscopy

imes  per  patient  were  similar  during  the  two  periods,  radi-
tion  exposure  metrics  (KAP,  air  kerma  and  effective  dose)
ere  all  lower  during  the  recent  period.  Although  we  did
ot  perform  a  specific  analysis  on  the  causes  of  this  lower-
ng  radiation  exposure,  several  plausible  explanations  might
e  considered.  First,  a  contribution  of  pulsed  radiation  fre-
uency  during  fluoroscopy  and  fluorography  (cine  and  DSA
odes)  is  very  unlikely  in  our  series  because  pulsed  fluo-

oscopy  and  fluorography  frequencies  did  not  change  over
he  study  period.  Second,  for  a  given  procedure,  the  dose
ccumulates  more  rapidly  in  patients  with  a  higher  body
ass  index,  as  the  dose  rates  are  higher  in  these  patients.
evertheless,  patients  had  similar  body  mass  index  during
he  two  periods  in  our  series  (data  not  shown).  Third,  the
etter  the  radiation  protection  practices,  the  lower  the  dose
eceived  by  the  patients  [30].  These  protective  practices
nclude  avoiding  high  beam  angles,  keeping  the  flat  panel
etector  as  close  to  the  patient  as  possible,  collimating  the
adiation  field  to  the  area  of  interest  and  using  low-dose
rotocols.  Further  research  is  needed  to  assess  the  influence
f  these  factors  on  our  data.  Fourth,  a  likely  hypothesis  is
hat  the  number  of  images  made  per  session  has  decreased
ver  time  with  operator  experience,  as  a  consequence  of
he  learning  curve.  Limiting  the  number  of  images  acquired
DSA  plus  cine)  does  not  change  the  fluoroscopy  time  but
educes  the  overall  dose.  Indeed,  the  total  radiation  dose
eceived  by  the  patient  depends  on  the  dose  delivered  by
oth  fluoroscopy  and  fluorography  (cine  or  DSA  mode).

tudy limitations

ur  study  has  several  limitations.  Firstly,  the  functional  and
aemodynamic  parameters  (6-minute  walk  distance,  NYHA
unctional  class  and  haemodynamic  parameters)  as  well
s  the  complication  rates  and  the  radiation  exposure  were
ot  obtained  by  blinded  study  personnel.  Our  results  might
herefore  have  been  biased.  Secondly,  a  high  proportion
about  two  thirds)  of  our  patients  were  receiving  at  least
ne  PH-targeted  therapy  at  the  time  of  the  first  BPA

rocedure.  Although  this  may  have  had  an  impact  on  post-
rocedural  outcomes,  our  study  does  not  allow  us  to  analyse
his  issue  as  patients  were  not  randomly  assigned  to  receive
r  not  receive  a  PH-targeted  drug.  Thirdly,  as  there  is  no
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onsensus  criterion  for  defining  the  efficacy  of  pulmonary
rtery  angioplasty  treatment,  we  did  not  perform  a  sample
ize  calculation.  We  decided  to  include  all  patients  with
TEPH  who  were  treated  with  pulmonary  artery  angioplasty
t  our  centre  and  who  met  the  inclusion  criteria  during
he  study  period.  Nevertheless,  we  assessed  the  statistical
ower  of  what  are  considered  the  most  clinically  relevant
utcomes  (i.e.  PVR  and  mPAP)  and  they  were  >  0.90  for
hese  two  parameters  (data  not  shown).  Fourthly,  of  the  192
atients  who  underwent  BPA  during  the  study  period,  the
3  who  were  not  included  in  either  the  ‘efficacy  analysis’
r  the  ‘safety/radiation  analysis’  had  significantly  lower
aseline  mPAP  and  PVR  than  those  who  were  included.  This
as  due,  at  least  in  part,  to  the  fact  that  12  patients  who

eceived  BPA  did  not  have  PH.  Nevertheless,  we  cannot
xclude  that  selection  bias  influenced  our  results.

onclusions

e  report  here  our  8-year  experience  and  provide  data  from
 large  series  including  patients  with  CTEPH  treated  by  BPA.
lthough  we  confirm  a  learning  curve  regarding  haemody-
amic  effects,  we  did  not  confirm  such  a  learning  curve
egarding  the  complication  rate  of  BPA  in  highly  selected
atients  with  CTEPH.  We  report  for  the  first  time  that  radia-
ion  exposure  can  improve  with  growing  BPA  experience.  We
elieve  that  our  data  may  provide  a  realistic  perspective  on
he  risks  and  benefits  associated  with  the  introduction  of  a
PA  programme  in  referral  centres.
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22] Rehani MM, Ciraj-Bjelac O, Vañó E, Miller DL, Walsh S, Giordano
BD, et al. ICRP Publication 117. Radiological protection in fluo-
roscopically guided procedures performed outside the imaging
department. Ann ICRP 2010;40:1—102.

23] Bland JM, Altman DG. Multiple significance tests: the Bonfer-
roni method. BMJ 1995;310:170.

24] Voorburg JA, Cats VM, Buis B, Bruschke AV. Balloon angioplasty
in the treatment of pulmonary hypertension caused by pul-
monary embolism. Chest 1988;94:1249—53.

25] Andreassen AK, Ragnarsson A, Gude E, Geiran O, Andersen
R. Balloon pulmonary angioplasty in patients with inopera-
ble chronic thromboembolic pulmonary hypertension. Heart
2013;99:1415—20.

26] Coghlan JG, Rothman AM, Hoole SP. Balloon pulmonary angio-
plasty: state of the art. Interv Cardiol 2020;16:e02.

27] Delcroix M, Torbicki A, Gopalan D, Sitbon O, Klok FA, Lang I,
et al. ERS statement on chronic thromboembolic pulmonary
hypertension. Eur Respir J 2021;57:2002828.

28] Ruigrok D, Meijboom LJ, Nossent EJ, Boonstra A, Braams NJ,
van Wezenbeek J, et al. Persistent exercise intolerance after
pulmonary endarterectomy for chronic thromboembolic pul-
monary hypertension. Eur Respir J 2020;55:2000109.

29] Ejiri K, Ogawa A, Fujii S, Ito H, Matsubara H. Vascular injury is a
major cause of lung injury after balloon pulmonary angioplasty
sion. Circ Cardiovasc Interv 2018;11:e005884.
30] Valentin J. Avoidance of radiation injuries from medical inter-

ventional procedures. Ann ICRP 2000;30:7—67.

4

http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0015
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0020
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0025
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0030
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0035
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0040
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0045
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0050
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0055
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0060
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0065
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0070
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0075
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0080
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0085
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0090
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0095
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0100
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0105
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0110
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0115
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0115
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0115
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0115
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0115
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0115
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0115
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0115
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0115
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0115
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0115
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0115
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0115
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0120
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0125
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0130
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0135
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0140
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0145
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150
http://refhub.elsevier.com/S1875-2136(22)00055-9/sbref0150

	Balloon pulmonary angioplasty for chronic thromboembolic pulmonary hypertension: Evaluation of haemodynamic effects, compl...
	Background
	Methods
	Study design
	Patients
	Balloon pulmonary angioplasty
	BPA procedure-related complications
	Radiation exposure
	Statistical analysis

	Results
	Patient characteristics
	Effects of BPA on functional and haemodynamic parameters
	BPA procedure-related complications
	Radiation exposure

	Discussion
	Study limitations

	Conclusions
	Disclosure of interest
	Acknowledgements
	Appendix A Supplementary data
	References


