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Abstract
Introduction  and  Objectives:  The  true  prevalence  of  chronic  thromboembolic  pulmonary
hypertension  (CTEPH)  after  pulmonary  embolism  (PE)  in  the  Portuguese  population  remains
unknown.  We  aimed  to  assess  the  prevalence  and  predictors  of  CTEPH  two  years  after  a  symp-
tomatic high-  (HR)  or  intermediate-high  risk  (IHR)  PE.
Methods:  We  conducted  a  retrospective  cohort  study  of  patients  admitted  with  PE  between
2014 and  2019  to  a  Portuguese  referral  center  for  pulmonary  hypertension.
Results:  In  this  single-center  registry  of  969  patients  admitted  with  PE  (annual  incidence  of
46/100 000  population),  194  had  HR  (5.4%)  and  IHR  (14.7%)  PE.  After  excluding  patients  who
died or  had  no  follow-up  in  the  first  three  months,  129  patients  were  included  in  the  analysis.
The overall  prevalence  of  suspected  CTEPH  by  clinical  assessment,  Doppler  echocardiography
and V/Q  lung  scan  was  6.2%  (eight  patients).  CTEPH  was  confirmed  by  right  heart  catheterization
in four  of  these  (3.1%).  Increased  pulmonary  artery  systolic  pressure  (PASP)  at  admission  (OR
1.12; 95%  CI  1.04---1.22;  p=0.005)  and  the  presence  of  varicose  veins  in  the  lower  limbs  (OR

7.47; 95%  CI  1.53---36.41;  p=0.013)  were  predictors  of  CTEPH.  PASP  >60  mmHg  at  admission
identified  patients  with  CTEPH  at  follow-up  with  sensitivity  and  specificity  of  83.3%  and  76.3%,
respectively.  All  patients  diagnosed  with  CTEPH  had  at  least  two  radiological  findings  suggestive
of CTEPH  at  the  index  event.
∗ Corresponding author.
E-mail address: ritacale@hotmail.com (R. Calé).
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Conclusions:  In  our  cohort,  the  prevalence  of  CTEPH  in  survivors  of  severe  forms  of  acute  PE
was 6.2%.  PASP  above  60  mmHg  and  supporting  radiological  findings  on  the  index  computed
tomography  scan  are  highly  suggestive  of  acute-on-chronic  CTEPH.
© 2023  Sociedade  Portuguesa  de  Cardiologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Prevalência  e  preditores  de  hipertensão  pulmonar  tromboembólica  crónica  após
formas  severas  de  embolia  pulmonar  aguda

Resumo
Introdução  e  objetivo: A  prevalência  da  hipertensão  pulmonar  tromboembólica  crónica
(HPTEC)  após  embolia  pulmonar  aguda  (EP)  na  população  portuguesa  permanece  desconhecida.
O objetivo  do  nosso  trabalho  foi  avaliar  a  prevalência  e  os  fatores  de  risco  de  HPTEC  dois  anos
após uma  EP  sintomática  de  alto  risco  (A)  e  risco  intermédio-alto  (IA).
Métodos:  Estudo  de  coorte  retrospetivo  que  inclui  doentes  admitidos  com  EP  entre  2014-2019
num centro  de  referência  nacional  para  hipertensão  pulmonar.
Resultados:  Dos  969  doentes  admitidos  com  EP  (incidência  anual  de  46/100.000  habitantes),
194 foram  estratificados  como  EP  de  risco  A  (5,4%)  e  IA  (14,7%).  Após  exclusão  dos  doentes  que
faleceram ou  sem  seguimento  nos  primeiros  três  meses,  129  doentes  foram  incluídos  na  análise.
A prevalência  geral  de  HPTEC  suspeita  por  avaliação  clínica,  ecocardiograma  com  Doppler  e
cintigrafia  pulmonar  de  ventilação/perfusão  foi  de  6,2%  (8  doentes).  HPTEC  foi  confirmada  por
cateterismo  cardíaco  direito  em  quatro  desses  doentes  (3,1%).  A  elevação  da  pressão  sistólica  da
artéria pulmonar  (PAPs)  na  admissão  (OR  1,12;  IC95%  1,04-1,22;  p=0,005)  e  a  presença  de  varizes
nos membros  inferiores  (OR  7,47;  IC95%  1,53-36,41;  p=0,013)  foram  preditores  de  HPTEC.  PAPs
na admissão  >60  mmHg  identificou  doentes  com  HPTEC  no  seguimento  com  valor  de  sensibilidade
e especificidade  de  83,3%  e  76,3%,  respetivamente.  Todos  os  doentes  diagnosticados  com  HPTEC
tiveram pelo  menos  dois  achados  radiológicos  sugestivos  de  HPTEC  no  evento  índice.
Conclusões:  Na  nossa  coorte,  a  prevalência  de  HPTEC  nos  sobreviventes  de  formas  graves  de  EP
aguda foi  de  6,2%.  Uma  pressão  arterial  pulmonar  sistólica  acima  de  60  mmHg  e  achados  radi-
ológicos de  suporte  na  tomografia  computadorizada  do  evento  índice  são  altamente  sugestivos
da presença  de  HPTEC  preexistente  no  momento  do  diagnóstico  de  EP  aguda.
© 2023  Sociedade  Portuguesa  de  Cardiologia.  Publicado  por  Elsevier  España,  S.L.U.  Este é  um
artigo Open  Access  sob  uma  licença  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

I

C
c
l
t
a

t
0
e
m
h
n
g
a
a
s

t

C
b
i
h
t

i
m
T
i

O

T
C
h

ntroduction

hronic  thromboembolic  pulmonary  hypertension  (CTEPH),
lassified  as  Group  4  pulmonary  hypertension,1,2 is  one  of  the
eading  causes  of  pulmonary  hypertension3,4 and  a  poten-
ially  curable  major  cause  of  morbidity  and  mortality,5 with

 poor  prognosis  if  left  untreated.6

The  cumulative  incidence  of  CTEPH  following  symp-
omatic  pulmonary  embolism  (PE)  is  estimated  to  be
.1---9.1%  two  years  after  the  acute  event.3,7---11 Differ-
nces  in  patient  selection  criteria12,13 and  study  design
ay  explain  the  discrepancies  in  the  reported  results,  with

igher  prevalences  found  in  prospective  studies  and  in  those
ot  confirmed  by  right  heart  catheterization  (RHC),12,14 the
old  standard  for  CTEPH  diagnosis.4 Small  study  populations
nd  the  low  prevalence  of  CTEPH  leading  to  scarcity  of  data

lso  contribute  to  the  high  margins  of  error  reported  in
tudies.7,15,16

More  severe  pulmonary  hypertension  at  the  time  of
he  PE  event  could  suggest  the  presence  of  pre-existing

d
i
p
(

94
TEPH  at  the  time  of  the  initial  PE  diagnosis,  which  has
een  proposed  as  an  explanation  for  the  higher  incidence
n  recent  studies.17 However,  this  cannot  be  confirmed  if
emodynamic  assessment  is  not  performed  at  the  time  of
he  initial  acute  PE.17

Estimation  of  CTEPH  incidence  and  risk  are  of  paramount
mportance  for  management  decisions  and  for  the  establish-
ent  of  standardized  screening  protocols  after  a  PE  event.

o  date,  the  true  incidence  and  prevalence  of  CTEPH  follow-
ng  PE  in  the  Portuguese  population  remain  unknown.

bjectives

he  present  study  aimed:  (1)  to  assess  the  prevalence  of
TEPH  two  years  after  a  symptomatic  high-  or  intermediate-
igh  risk  acute  PE  in  a  Portuguese  population;  (2)  to

etermine  potential  risk  factors  for  CTEPH  following  an
ntermediate-high  or  high-risk  PE;  (3)  to  apply  a  CTEPH
rediction  score10,18 in  a Portuguese  population;  and
4)  to  analyze  initial  computed  tomography  pulmonary
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ngiography  (CTPA)  of  the  acute  PE  to  identify  patients  with
ndings  suggestive  of  CTEPH  at  the  time  of  PE  diagnosis
acute-on-chronic  PE).

ethods

tudy  population

his  retrospective  cohort  study  conducted  in  a  Portuguese
eferral  center  for  pulmonary  hypertension  included  all
atients  hospitalized  with  PE  between  2014  and  2019,
dentified  according  to  the  International  Classification  of
iseases,  Ninth  (ICD-9)  or  Tenth  (ICD-10)  Revision,  apply-

ng  ICD-9  codes  for  ‘‘pulmonary  embolism’’  (code  415.1)
or  the  period  between  January  1,  2014  and  December  31,
015  and  ICD-10  codes  (I26.92,  I26.99,  I26.02,  or  I26.09)  for
atients  hospitalized  between  January  1,  2016  and  Decem-
er  31,  2019.  Only  patients  with  a  PE  diagnosis  confirmed  by
maging  techniques  or  autopsy  were  included  in  the  study.

Through  individual  examination  of  each  of  the  969  clinical
ecords  identified  with  a  PE  diagnosis  (including  admission
ransthoracic  echocardiography  or  CTPA  and  troponin  levels
hen  applicable),  patient  risk  was  stratified  according  to  the
riteria  proposed  by  the  current  European  Society  of  Cardi-
logy  and  European  Respiratory  Society  guidelines,3 except
hat  the  pulmonary  embolism  severity  index  (PESI)  score  was
ot  considered  in  this  stratification,  and  only  hemodynamic
tability,  right  ventricular  dysfunction  and  troponin  levels
ere  used.

To  calculate  the  incidence  of  episodes  of  hospitalization
ith  PE,  estimates  of  the  resident  population  provided  by
tatistics  Portugal  (INE;  www.ine.pt)  of  the  corresponding
eographic  areas  were  obtained  for  the  years  under  study.
he  incidence  of  PE  in  our  population  was  estimated  as  the
umber  of  estimated  new  PE  episodes  per  year  and  was
xpressed  as  100  000  population/year  calculated  as  a  six-
ear  average.

Intermediate-high  and  high-risk  PE  were  further  analyzed
or  the  purposes  of  this  study,  including  estimation  of  CTEPH
revalence  and  determination  of  CTEPH  predictors.  Patients
ho  died  or  were  lost  to  follow-up  within  three  months  of

he  acute  PE  event  were  excluded  from  this  further  analysis.
ll  patients  included  in  this  analysis  had  at  least  one  follow-
p  appointment  and  were  managed  according  to  current
uidelines.

Hospital  clinical  records  (from  hospital  or  emergency
oom  admissions)  and  hospital  or  primary  care  appoint-
ents  accessible  from  the  national  electronic  registry

Registo  de  Saúde  Eletrónico) provided  data  on  demo-
raphics,  comorbidities,  clinical  presentation,  laboratory
nd  imaging  findings,  treatment  of  PE  and  CTEPH,  clinical
ourse,  mortality  and  risk  factors  for  CTEPH.  Follow-up  was
nalyzed  in  all  patients  until  the  last  available  record  or  date
f  death.

The  study  protocol  was  approved  by  the  institutional
thics  committee.  The  protocol  was  established  in  accor-

ance  with  the  1975  Helsinki  Declaration  of  the  World
edical  Association.  The  corresponding  authors  are  entirely

esponsible  for  the  integrity  of  data  and  data  analysis.  After
ata  collection  individual  participants  were  anonymized.
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utcome  definitions

he  primary  pof  this  study  was  to  estimate  the  prevalence  of
TEPH  following  a  symptomatic  intermediate-high  or  high-
isk  PE  in  a  Portugueseurpose  population.

CTEPH  was  considered  probable  in  patients,  irrespec-
ive  of  symptoms,  in  the  presence  of  persistent  mismatched
erfusion  defects  on  ventilation/perfusion  (V/Q)  scan  and
ntermediate-  or  high-probability  pulmonary  hypertension
n  echocardiography  but  not  confirmed  by  RHC.2

CTEPH  was  considered  confirmed  when,  in  addition  to
he  suggested  changes  on  the  V/Q  scan,  RHC  established
he  diagnosis  and  excluded  other  forms  of  pulmonary  hyper-
ension.  CTEPH  was  defined  hemodynamically  according  to
urrent  guidelines1,2 as  precapillary  pulmonary  hypertension
ith  a  mean  pulmonary  arterial  pressure  (mPAP)  >20  mmHg,
ulmonary  arterial  wedge  pressure  (PAWP)  ≤15  mmHg  and
ulmonary  vascular  resistance  (PVR)  >2  Wood  units,  after  at
east  three  months  of  therapeutic  anticoagulation.

In  the  present  study,  suspected  CTEPH  included  both  con-
rmed  and  probable  CTEPH.

Secondary  purposes  were  to  identify  CTEPH  predictors
nd  to  analyze  CTPA  at  the  time  of  the  initial  PE  event  in
rder  to  identify  patients  with  unknown  pre-existing  CTEPH
t  the  time  of  the  acute  PE  event  (acute-on-chronic  PE).

Potential  predictors  of  CTEPH  considered  in  the  analysis
ncluded  the  following:  age,  PE  admission  risk,  cardiovascu-
ar  comorbidities,  hormone  therapy,  previous  deep  venous
hrombosis  (DVT),  previous  PE,  active  malignancy,  recent
ajor  surgery,  immobility,  prolonged  travel,  idiopathic  PE,

ecurrent  PE,  symptom  onset  >2  weeks  before  PE  diagno-
is,  thyroid  hormone  replacement,  splenectomy,  pacemaker
ead  infection,  ventriculoatrial  shunt,  antiphospholipid  syn-
rome,  myeloproliferative  disorder,  varicose  veins  in  lower
imbs,  PE  presentation,  PESI  score,  peak  N-terminal  pro-
rain  natriuretic  peptide  (NT-proBNP)  at  the  time  of  the  PE
vent,  echocardiographic  findings  at  PE  diagnosis  and  during
ollow-up,  CTPA  findings  at  PE  diagnosis,  and  PE  treatment,
articularly  reperfusion.

The  CTEPH  prediction  score18 was  applied  to  the  129
atients  included  in  the  analysis.  Analysis  of  its  accuracy  in
xcluding  CTEPH  in  our  population  was  further  undertaken.

The  CTPA  of  patients  with  suspected  CTEPH  at  the  initial
vent  was  retrospectively  examined  by  an  expert  radiologist
o  identify  findings  suggesting  the  presence  of  unidentified
TEPH  at  the  time  of  the  initial  PE  event.  These  find-

ngs  included  the  presence  of  mural  thrombi  lining  the
ulmonary  vascular  walls,  eccentric  wall-adherent  filling
efects,  intravascular  webs  or  bands,  mosaic  parenchymal
erfusion  patterns,  right  ventricular  hypertrophy  or  right
trial  dilatation,  pericardial  effusion,  dilatation  of  the  main
ulmonary  artery  (>29  mm  in  men,  >27  mm  in  women)  and
ilated  bronchial  arteries  (≥1.5  mm).4,17,19,20

tatistical  analysis

ontinuous  variables  were  presented  as  mean  ±  standard

eviation  or  median  and  interquartile  range  (IQR)  and  were
ompared  between  groups  using  the  independent  samples

 test  or  the  Mann---Whitney  U  test,  according  to  distribu-
ion.  Normality  was  tested  with  the  Shapiro---Wilk  test  and
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omogeneity  of  variances  with  Levene’s  test.  Categorical
ariables  were  presented  as  frequencies  and  percentages
nd  were  compared  using  the  chi-square  test  or  Fisher’s
xact  test,  as  appropriate.  Logistic  regression  analysis  was
sed  to  assess  predictors  of  the  presence  of  CTEPH  during
ollow-up  using  the  enter  method.  The  Hosmer---Lemeshow
est  was  used  to  calibrate  the  regression  model.  Odds
atios  (OR)  and  95%  confidence  intervals  (CI)  were  calcu-
ated.  The  discriminative  ability  of  the  previously  published
TEPH  prediction  score10 to  predict  CTEPH  in  our  population
as  assessed  using  receiver  operating  characteristic  (ROC)
urve  analysis.  All  reported  p  values  were  two-sided  and  a
-value  <0.05  was  considered  statistically  significant.  Statis-
ical  analysis  was  performed  with  IBM  SPSS  software,  version
6.0  (IBM  Corp.,  Armonk,  NY,  USA).

esults

tudy  population

etween  January  2014  and  December  2019,  969  patients
ere  hospitalized  with  PE,  as  depicted  in  the  study  flowchart

Figure  1).  The  mean  annual  incidence  was  estimated  at
6/100  000  population.  Of  these,  477  (49.2%)  were  strati-
ed  as  low-risk  patients,  298  (30.8%)  as  intermediate-low
isk,  142  (14.7%)  as  intermediate-high  risk  and  52  (5.4%)  as
igh-risk  patients.

Of  the  194  patients  included  in  the  study  with
ntermediate-high  or  high-risk  PE,  54  were  excluded  due  to
eath  in  the  90  days  following  the  PE  event.  Of  the  140
atients  alive  at  least  90  days  after  the  PE  event,  11  were
ot  included  due  to  loss  of  clinical  follow-up  in  the  first  three
onths.  Therefore,  the  final  study  population  included  129
atients,  with  a  median  age  of  69.0  years  (56.0---79.0)  at  the
ime  of  the  first  PE  event.  The  median  follow-up  was  41.0
24.0---58.5)  months.

The  baseline  characteristics  of  the  study  population  are
ummarized  in  Table  1.

revalence  of  chronic  thromboembolic  pulmonary
ypertension

uring  follow-up  of  the  129  patients  diagnosed  with
ntermediate-high  or  high-risk  acute  PE,  four  patients  were
iagnosed  with  CTEPH  confirmed  by  RHC.  Thus,  a  preva-
ence  of  3.1%  (n=4)  of  confirmed  CTEPH  following  an
ntermediate-high  or  high-risk  PE  was  found  in  our  popu-
ation.  Additionally,  four  patients  with  compatible  clinical
resentation  were  found  to  have  intermediate-  or  high-
robability  pulmonary  hypertension  on  echocardiography
nd  persistent  mismatched  perfusion  defects  on  V/Q  scan
ompatible  with  a  diagnosis  of  CTEPH,  but  RHC  was  not
erformed  for  the  following  reasons:  malignancy  with  poor
rognosis,  comorbidities  with  poor  prognosis,  advanced
ementia  or  frailty.  Therefore,  a  prevalence  of  suspected
TEPH  of  6.2%  (n=8)  was  estimated  in  our  population  fol-

owing  an  intermediate-high  or  high-risk  PE.  The  median

ime  until  diagnosis  of  CTEPH  was  9.5  (6.0---21.0)  months.
ollow-up  was  completed  at  two  years  in  89.9%  of  patients.

Hemodynamic  and  clinical  characteristics  of  patients
ith  suspected  CTEPH  are  summarized  in  Table  2.
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Among  patients  with  confirmed  CTEPH,  all  were  antico-
gulated  (three  on  direct  oral  anticoagulants  and  one  on

 vitamin  K  antagonist).  One  underwent  pulmonary  throm-
oendarterectomy  (PEA)  and  another  underwent  balloon
ulmonary  angioplasty,  both  with  significant  clinical  and
emodynamic  improvement  after  the  procedures.  The  other
wo  patients  refused  PEA.  No  patient  is  currently  medicated
ith  pulmonary  vasodilators.

nalysis  of  risk  factors

he  comparison  between  patients  with  and  without  sus-
ected  CTEPH  is  outlined  in  Table  1.

Older  age  was  found  in  patients  with  CTEPH,  with  a
edian  age  of  73.5  years  (IQR  15.0)  in  CTEPH  patients

ompared  to  68.0  years  (IQR  24.0)  in  patients  with-
ut  CTEPH.  Patients  with  CTEPH  were  all  admitted  with
ntermediate-high  risk  PE,  whereas  16.5%  of  patients  not
iagnosed  with  CTEPH  were  stratified  as  having  high-risk  PE
p=0.357).

Analysis  of  CTEPH  predictors  revealed  some  significant
ifferences.  A  higher  incidence  of  varicose  veins  in  the
ower  limbs  was  described  in  patients  who  developed  CTEPH
37.5%)  than  in  those  not  diagnosed  with  CTEPH  (p=0.027).
diopathic  PE  was  more  frequently  associated  with  CTEPH,
lthough  not  significantly  (p=0.146).  Antiphospholipid  syn-
rome  was  diagnosed  in  one  patient  (12.5%)  with  CTEPH,
hile  no  patients  without  CTEPH  had  this  comorbidity

p=0.062).  Median  pulmonary  artery  systolic  pressure  (PASP)
n  patients  diagnosed  with  CTEPH  was  82.0  mmHg  (IQR  45.0),
ompared  to  53.0  mmHg  (IQR  19.0)  in  patients  without
TEPH  (p=0.004).  Increased  PASP  at  admission  (OR  1.12;
5%  CI  1.04---1.22;  p=0.005)  and  the  presence  of  varicose
eins  in  the  lower  limbs  (OR  7.47;  95%  CI  1.53---36.41;
=0.013)  were  predictors  of  CTEPH  in  multivariate
nalysis.

ROC  curve  analysis  (Figure  2A)  demonstrates  the  good  dis-
riminative  ability  of  PASP  at  acute  PE  admission  to  predict
TEPH  during  follow-up  (area  under  the  ROC  curve  0.85;  95%
I  0.76---0.92;  p=0.001).  PASP  >60  mmHg  at  admission  iden-
ified  patients  with  CTEPH  during  follow-up  with  sensitivity
nd  specificity  of  83.3%  and  76.3%,  respectively.  PASP  >79
mHg  at  the  index  event  identified  CTEPH  with  sensitivity

f  66.7%  and  specificity  of  98.7%.
The  CTEPH  prediction  score  in  CTEPH  patients  was  a

edian  6.5  compared  to  5.0  in  patients  not  diagnosed  with
TEPH  (p=0.290).  This  score  (Figure  2B)  did  not  show  a  good
iscriminative  ability  in  our  population  to  predict  CTEPH
n  the  follow-up  (area  under  the  ROC  curve  0.61;  95%  CI
.52---0.69;  p=0.137).

No  significant  difference  was  found  between  fibrinolysis
nd  percutaneous  thrombectomy  in  the  two  groups.

At  follow-up,  higher  PASP  levels  were  found  in  patients
ith  CTEPH,  with  a  median  of  70.5  mmHg  (IQR  40.0),  com-
ared  to  a  median  of  30.0  mmHg  (IQR  13.0)  in  patients  with
o  CTEPH  (p<0.001).  Additionally,  a  right  ventricular/left
entricular  basal  diameter/area  ratio  >1  in  the  follow-up

as  also  statistically  significant  in  predicting  CTEPH  devel-
pment.  Four  of  the  patients  with  CTEPH  (50%)  had  dilated
ight  heart  chambers  compared  to  six  (7.1%)  of  those  not
iagnosed  with  CTEPH  (p=0.004).
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Figure  1  Study  flowchart.  *  Risk  stratification  at  admission  following  the  current  ESC  guidelines,  although  PESI  score  was  not
considered for  this  categorization:  low  risk  (absence  of  right  ventricular  [RV]  dysfunction  and  troponin  elevation);  intermediate-low
risk (RV  dysfunction  on  transthoracic  echocardiogram  [TTE]  or  computed  tomography  pulmonary  angiography  [CTPA];  or  elevated
troponin levels);  intermediate-high  risk  PE  (RV  dysfunction  on  TTE  or  CTPA  and  elevated  troponin  levels);  high-risk  (cardiac  arrest:
need for  cardiopulmonary  resuscitation;  obstructive  shock:  hypotension  (systolic  blood  pressure  [BP]  <90  mmHg)  or  vasopressors
required to  achieve  BP  >90  mmHg  despite  adequate  filling  status)  and  end-organ  hypoperfusion  (altered  mental  status;  cold,  clammy
skin; oliguria/anuria;  increased  serum  lactate);  persistent  hypotension  (systolic  BP  <90  mmHg  or  systolic  BP  drop  >40  mmHg,  lasting
longer than  15  min  and  not  caused  by  new-onset  arrhythmia,  hypovolemia,  or  sepsis).  CTEPH:  chronic  thromboembolic  pulmonary
hypertension;  PE:  pulmonary  embolism;  RHC:  right  heart  catheterization.
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Table  1  Comparison  of  demographics  and  predictors  of  chronic  thromboembolic  pulmonary  hypertension  in  the  study
population.

Variable  Overall
(n=129)

CTEPH
(n=8)

Non-CTEPH
(n=121)

p

Demographic  characteristics
Age,  years,  median  (IQR)  69.0  (23.0)  73.5  (15.0)  68.0  (24.0)  0.473
Age ≥75  years,  n  (%)  52  (40.3)  4  (50.0)  48  (39.7)  0.714
Male gender,  n  (%)  53  (41.1)  3  (37.5)  50  (41.3)  1.000

PE risk  at  admission
High,  n  (%)  20  (15.5)  0  20  (16.5)  0.357
Intermediate-high,  n  (%) 109  (84.5) 8  (100)  101  (83.5)  0.357

Cardiovascular  comorbidities
Hypertension,  n  (%)  82  (63.6)  4  (50.0)  78  (64.5)  0.461
Dyslipidemia,  n  (%)  48  (37.2)  2  (25.0)  46  (38.0)  0.709
Diabetes, n  (%)  31  (24)  2  (25.0)  29  (24.0)  1.000
BMI >30  kg/m2,  n  (%)  44  (34.1)  1  (12.5)  43  (35.5)  0.263
Active/previous  smoking,  n  (%)  22  (17.1)  1  (12.5)  21  (17.4)  1.000
Coronary artery  disease,  n  (%)  6  (4.7)  0  6  (5.0)  1.000
Heart failure,  n  (%)  5  (3.9)  0  5  (4.1)  1.000
Cerebrovascular  disease,  n  (%)  11  (8.5)  0  11  (9.1)  1.000
Peripheral artery  disease,  n  (%)  2  (1.6)  0  2  (1.7)  1.000

Other risk  factors  for  VTE
Hormonal  (HRT,  pregnancy,  oral

contraception),  n  (%)
11  (8.5)  0  11  (9.1)  1.000

Previous DVT,  n  (%)  12  (9.3)  2  (25.0)  14  (11.6)  0.259
Previous PE,  n  (%)  12  (9.3)  2  (25.0)  10  (8.3)  0.162
Active malignancy,  n  (%)  14  (10.9)  0  14  (11.7)  0.597
Recent major  surgery,  n  (%)  13  (10.1)  0  13  (10.7)  1.000
Immobility,  n  (%)  26  (20.2)  1  (12.5)  25  (20.7)  1.000
Prolonged travel,  n  (%)  5  (3.9)  0  5  (4.2)  1.000

Classification  of  VTE  predisposing  factors  0.184
None, n  (%)  14  (10.9)  2  (25.0)  12  (9.9)
Weak, n  (%)  49  (38.0)  4  (50.0)  45  (37.2)
Moderate,  n  (%)  33  (25.6)  0  33  (27.3)
Strong, n  (%)  33  (25.6)  2  (25.0)  31  (25.6)

Predictors of  CTEPH
Idiopathic  PE,  n  (%)  78  (60.5)  7  (87.5)  71  (58.7)  0.146
Recurrent PE,  n  (%)  20  (15.9)  0  20  (16.9)  0.354
Symptom onset  >2  weeks  before  PE

diagnosis,  n  (%)
10  (7.8)  1  (12.5)  9  (7.4)  0.485

Thyroid hormone  replacement,  n  (%)  13  (10.1)  0  13  (10.7)  1.000
Splenectomy,  n  (%) 1  (0.8)  0  1  (0.8)  1.000
Pacemaker  lead  infection,  n  (%)  1  (0.8)  0  1  (0.8)  1.000
Ventriculoatrial  shunt,  n  (%) 1  (0.8)  0  1  (0.8)  1.000
Antiphospolid  syndrome,  n  (%)  1  (2.5)a 1  (12.5)  0  (0)  0.062
Chronic osteomyelitis,  n  (%)  0  0  0
Myeloproliferative  disorder,  n  (%)  1  (0.8)  0  1  (0.8)  1.000
Varicose veins  in  lower  limbs,  n  (%)  12  (9.3)  3  (37.5)  9  (7.4)  0.027
Inflammatory  bowel  disease,  n  (%)  0  0  0
CTEPH prediction  score,  median  (IQR)  5.0  (6.0)  6.5  (3.0)  5.0  (6.0)  0.290

PE event
Presentation

Cardiac  arrest,  n  (%)  4  (3.1)  0  4  (3.3)  1.000
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Table  1  (Continued)

Variable  Overall
(n=129)

CTEPH
(n=8)

Non-CTEPH
(n=121)

p

Syncope,  n  (%)  44  (34.4)  2  (25.0)  42  (35.0)  0.714
Respiratory  exhaustion,  n  (%)  8  (6.2)  0  8  (6.6)  1.000
Chest pain,  n  (%)  14  (10.9)  0  14  (11.7)  0.597
Dyspnea, n  (%)  48  (37.5)  4  (50.0%)  44  (36.7)  0.472
Associated DVT,  n  (%) 28  (21.7)  2  (25.0)  26  (21.7)  1.000

PESI score,  median  (IQR) 108.0  (53.0) 96.0  (12.0)  109.0  (62.0)  0.094
Simplified PESI  score,  median  (IQR) 2.0  (2.0) 1.0  (1.0) 2.0  (2.0)  0.133

Laboratory tests
Peak  NT-proBNP,  pg/ml,  median  (IQR) 2108.0

(5685.0)
2225.0
(16  392.0)

2032.0
(5070.5)

0.381

Echocardiographic  findings  at  PE  diagnosis
PASP,  median  (IQR)  54.0  (20.0)  82.0  (45.0)  53.0  (19.0)  0.004
PASP >60  mmHg,  n  (%)  23  (28.0)  5  (83.3)  18  (23.7)  0.006
TAPSE, mm,  median  (IQR)  15.8  (7.0)  15.8  (6.0)  15.5  (7.0)  0.655

CTPA findings  at  PE  diagnosis
Troncular  PE,  n  (%)  90  (81.1)  5  (71.4)  85  (81.7)  0.615

PE treatment
Fibrinolysis,  n  (%)  26  (20.3)  1  (12.5)  25  (20.8)  1.000
Percutaneous  thrombectomy,  n  (%)  5  (3.9)  1  (12.5)  4  (3.3)  0.280

Follow-up
TAPSE, median  (IQR)  21.0  (5.87)  20.6  (11.5)  21.0  (5.4)  0.478
PASP, median  (IQR)  32.0  (17.0)  70.5  (40.0)  30.0  (13.0)  <0.001
RV/LV basal  diameter/area  ratio  >1,  n  (%)  10  (10.8)  4  (50.0)  6  (7.1)  0.004

BMI: body mass index; CTEPH: chronic thromboembolic pulmonary hypertension; CTPA: computed tomography pulmonary angiography;
DVT: deep vein thrombosis; HRT: hormone replacement therapy; LV: left ventricular; NT-proBNP: N-terminal pro-brain natriuretic peptide;
PASP: pulmonary artery systolic pressure; PE: pulmonary embolism; PESI: pulmonary embolism severity index; RV: right ventricular; TAPSE:
tricuspid annular plane systolic excursion; VTE: venous thromboembolism.

a In our population, only 40 patients were tested for the presence of antiphospholipid syndrome.

Figure  2  Receiver  operating  characteristic  curve  analysis  demonstrating  the  discriminative  ability  of  PASP  at  admission  for  acute
PE (A)  and  the  CTEPH  prediction  score  (B)  to  predict  the  presence  of  CTEPH  in  follow-up.  AUC:  area  under  the  curve;  CTEPH:  chronic
thromboembolic  pulmonary  hypertension;  PASP:  pulmonary  artery  systolic  pressure.
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Table  2  Individual  characteristics  of  patients  with  chronic  thromboembolic  pulmonary  hypertension.

Patient  Acute  PE  Follow-up

Age,
years/
gender

PASP,
mmHg

ESC
PE  risk

Reper-
fusion

WHO-FC  6MWD,  m  NT-
proBNP,
ng/l

RHC  Echocardiography  Treatment

RAP,
mmHg

mPAP,
mmHg

CI,
l/min/m2

PVR,  WU  Dilatation
of  right
heart
cham-
bers

TAPSE,
mm/PASP,
mmHg

1  81/F  5  IHR  Yes  (CDT)  II  270  72  6  28  2.4  5.1  No  22/55  Rivaroxaban
+BPA

2 70/F  79  IHR  No  II  180  89  5  51  2.61  9.56  No  22/93  Rivaroxaban
+PEA

3 38/M  69  IHR  No  I  NAa 22  3  24  2.55  3.45  Slightly
dilated

28/33  VKA;
refused
PEA

4 65/M  124  IHR  No  I  550  81  3  26  2.83  3.41  No  20/54  Rivaroxaban;
refused
PEA

5 81/F  84  IHR  No  III  NA  4146  Poor  prognosis  malignancy  Severely
dilated

12/98  VKA

6 70/M  61  IHR  No  II  NA  4600  Poor  prognosis  comorbidities;  frailty  Severely
dilated

12/87  VKA

7 82/F  56  IHR  No  II  NA  1633  Dementia;  frailty  No  19/72  Rivaroxaban

8 77/F  45  IHR  Yes
(systemic
fibrinoly-
sis)

I  NA  186  Frailty  Slightly
dilated

26/43  Apixaban

6MWD: six-minute walk test; BPA: balloon pulmonary angioplasty; CDT: catheter-directed thrombolysis; CI: cardiac index; CTEPH: chronic thromboembolic pulmonary hypertension; ESC:
European Society of Cardiology; F: female; HR: high risk; IHR: intermediate-high risk; M: male; mPAP: mean pulmonary artery pressure; NA: not available; NT-proBNP: N-terminal pro-brain
natriuretic peptide; PASP: pulmonary artery systolic pressure; PE: pulmonary embolism; PEA: pulmonary thromboendarterectomy; PVR: pulmonary vascular resistance; RAP: right arterial
pressure; RHC: right heart catheterization; TAPSE: tricuspid annular plane systolic excursion; VKA: vitamin K antagonist; WHO-FC: World Health Organization functional class; WU: Wood
units.

a Cardiopulmonary exercise testing: peak VO2 37 ml/kg/min (87% predicted); VE/VCO2 slope 33.6 (Weber Ventilatory class II).
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Table  3  Signs  of  chronic  thromboembolic  pulmonary  hypertension  on  computed  tomography  pulmonary  angiography  at  the
time of  the  pulmonary  embolism  event.

Variable  With  CTEPH  (n=6)a

Presence  of  organized  mural  thrombi,  n  (%)  1  (16.7)
Eccentric wall-adherent  filling  defect,  n  (%)  1  (16.7)
Intravascular  webs  or  bands,  n  (%)  0  (0)
Dilated bronchial  arteries  (≥1.5  mm),  n  (%)  3  (50)
Mosaic parenchymal  perfusion  patterns,  n  (%)  4  (66.7)
Right ventricular  hypertrophy/right  atrial  dilatation,  n  (%)  6  (100)
Pulmonary  artery  dilatation  (>29  mmHg  in  males,  >27  mmHg  in  females),  n  (%)  6  (100)
Pericardial  effusion,  n  (%) 3  (50)
Presence of  at  least  two  CTPA  signs,  n  (%) 6  (100)
Presence of  at  least  three  CTPA  signs,  n  (%) 5  (83.3)
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CTEPH: chronic thromboembolic pulmonary hypertension; CTPA: c
a CTPA findings from two patients were not available in the hosp

omputed  tomography  pulmonary  angiography
ndings at  the  time  of  index  pulmonary  embolism

n patients  with  chronic  thromboembolic
ulmonary  hypertension

ultidetector  CTPA  findings  from  the  index  PE  in  patients
ith  suspected  CTEPH  were  analyzed  by  two  radiologists

Table  3).  In  all  patients  at  least  two  signs  of  CTEPH  were
etected  on  the  multidetector  CTPA  and  in  five  of  them  there
ere  at  least  three  findings  suggestive  of  CTEPH.

iscussion

o  our  knowledge,  this  is  the  first  analysis  to  report  the
revalence  of  PE  according  to  risk  stratification  in  a  Por-
uguese  population,  which  is  similar  to  that  reported  in
nternational  studies.21

The  main  finding  of  this  retrospective  cohort  study  of
atients  hospitalized  due  to  intermediate-high  or  high-risk
E  in  a  national  referral  center  for  pulmonary  hypertension
etween  2014  and  2019  is  an  overall  prevalence  of  6.2%  of
uspected  CTEPH  by  clinical  assessment,  Doppler  echocar-
iography  and  V/Q  lung  scan,  and  confirmed  CTEPH  of  3.1%
y  RHC,  among  patients  who  were  followed  for  a  median  of
1  months  after  the  index  PE.

According  to  recent  studies,  the  cumulative  incidence
f  CTEPH  following  symptomatic  PE  is  0.1---9.1%  two  years
fter  the  acute  event,3,7,9,22 estimates  that  differ  substan-
ially  between  studies  and  geographic  regions.16,22 Higher
revalences  are  found  in  studies  with  no  RHC  confirma-
ion  and  based  solely  on  echocardiographic  findings,  with
ASP  cut-off  values  having  a  significant  impact  on  CTEPH
ncidence.12,14 The  prevalence  estimated  in  our  study  is
herefore  consistent  with  other  studies  that  confirmed
TEPH  by  RHC  and  is  lower  than  those  in  which  RHC  was
ot  performed.  Some  published  studies  suffer  from  selec-
ion  bias,  including  the  exclusion  of  patients  with  possible

auses  of  other  forms  of  pulmonary  hypertension  or  pre-
xisting  exertional  dyspnea5,17,23 and  with  permanent  risk
actors  for  venous  thromboembolism  (VTE),  including  can-
er  or  thrombophilia.24 Our  study  did  not  exclude  patients

p
f

i

95
uted tomography pulmonary angiography.
ystem, precluding its analysis.

ith  increased  risk  of  VTE  recurrence  or  those  with  other
ossible  causes  of  pulmonary  hypertension.

The  only  study  conducted  in  a  Portuguese  population,
y  Barros  et  al.,  which  reported  an  incidence  of  12.4%
f  pulmonary  hypertension  following  an  intermediate-  or
igh-risk  PE,  has  recognizable  limitations,  including  the
bsence  of  confirmation  by  RHC  and  the  inclusion  only  of
atients  admitted  to  the  coronary  intensive  care  unit.25 In
ur  study  we  included  consecutive  patients  hospitalized  with
E,  regardless  of  the  unit  or  department  in  which  they  were
ared  for.  Furthermore,  we  were  able  to  confirm  the  diag-
osis  of  CTEPH  by  RHC  in  four  of  the  eight  patients  with
uspected  CTEPH.

Diagnosis  of  CTEPH  is  hampered  in  the  early  stages
y  the  nonspecificity  of  symptoms,  as  symptoms  of  right
eart  failure  only  present  in  advanced  stages.3,14 Delay  in
TEPH  diagnosis  is  associated  with  increased  morbidity  and
ortality.16,26 Therefore,  timely  recognition  and  manage-
ent  are  of  utmost  importance.  Time  to  diagnosis  in  our

tudy  was  a  median  of  9.5  months,  which  is  in  line  with  the
urrent  evidence.27

The  differences  in  documented  incidences  of  CTEPH
reclude  the  establishment  of  appropriate  standardized
creening  protocols  for  CTEPH  after  a  PE  event.  Universal
mplementation  of  long-term  echocardiographic  follow-up
n  all  PE  survivors  has  been  shown  to  be  cost-ineffective
nd  has  a  low  diagnostic  yield,  hence,  echocardiography
or  all  patients  with  a  history  of  PE  is  not  warranted.13,18

he  CTEPH  prediction  score  was  accordingly  developed  to
xclude  CTEPH  without  the  need  for  echocardiography.18

nfortunately,  in  our  study  we  found  that  the  prediction
core  did  not  show  a  good  discriminatory  ability  to  predict
TEPH  following  a  more  severe  form  of  PE.  We  attribute  this
o  the  fact  that  our  population  only  included  the  most  severe
orms  of  PE,  in  contrast  to  the  inShape  study  II,  in  which
nly  2.2%  of  patients  had  high-risk  PE.  Furthermore,  the
core  includes  right  ventricular  dysfunction,  a  characteristic
resent  in  all  our  patients  and  therefore  not  discriminatory
n  our  population.  Hence,  our  study  suggests  that  further

rediction  scores  are  required  to  predict  the  risk  of  CTEPH
ollowing  a  more  severe  PE  event.

Several  potential  predisposing  factors  for  CTEPH  follow-
ng  a  PE  event  have  been  reported  in  the  literature,  although
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ith  substantial  discrepancies  between  studies.  Our  study
dentified  some  of  the  predictors  of  CTEPH,  supporting  the
eed  for  a  more  cautious  follow-up  when  identified.

Age  remains  a  controversial  risk  factor  for  the  develop-
ent  of  CTEPH  in  the  literature.  In  our  study  we  found  no

tatistically  significant  differences  in  age  between  patients
ho  developed  CTEPH  and  those  who  did  not.  However,  we

ound  that  patients  with  CTEPH  showed  a  tendency  to  be
lder,  as  suggested  in  numerous  studies.17,25,28,29

In  our  population,  all  of  those  who  developed  CTEPH
ad  intermediate-high  risk  PE.  None  of  the  patients  pre-
enting  with  high-risk  PE  developed  CTEPH.  As  observed
y  Yang  et  al.,30 thrombolysis  applied  to  high-risk  patients
ay  explain  this  finding,  as  it  increases  thrombus  dissolution

n  comparison  to  anticoagulation  alone.  In  our  study,  most
atients  who  developed  CTEPH  did  not  receive  thromboly-
is  and  were  only  anticoagulated.  In  our  analysis  it  was  not
ossible  to  identify  thrombolysis  performed  at  the  time  of
he  acute  PE  as  a  protective  factor  for  the  development  of
TEPH,  probably  because  the  small  number  of  patients  who
eveloped  CTEPH  hindered  identification  of  independent
redictors  for  the  disease.  To  date,  the  role  of  throm-
olysis  remains  unclear  regarding  the  risk  of  developing
TEPH.13,30---32 The  MOPPETT  study,33 Klok  et  al.10 and  Sharma
t  al.34 reported  a  lower  incidence  of  CTEPH  following  an
ntermediate-risk  PE  treated  by  thrombolysis,  in  contrast
o  more  recent  studies.35 Further  studies  are  required  to
ssess  the  impact  of  thrombolysis  on  CTEPH  development
ollowing  a  PE  event  and  whether  performing  thrombolysis
n  intermediate-high  risk  patients  would  protect  them  from
eveloping  CTEPH.

Although  the  rate  of  idiopathic  PE  in  our  study  did  not
iffer  statistically  between  the  two  groups,  we  noted  that
even  out  of  eight  patients  with  CTEPH  had  an  idiopathic
E.  As  proposed  in  other  studies,22 idiopathic  PE  increases
he  risk  of  CTEPH,  as  the  underlying  disease  is  not  treated,
esulting  in  continuous  thrombus  formation.

Varicose  veins  in  the  lower  limbs  were  found  to  pre-
ict  the  development  of  CTEPH  in  our  population,  similarly
o  other  studies.28,30 Blood  stasis  created  by  the  varicose
eins  may  produce  emboli  that  gradually  migrate  to  the
ulmonary  vasculature,  resulting  in  recurring  undiagnosed
E  events.  As  reported  by  some  authors,36 clinically  silent
E  is  associated  with  greater  risk  of  CTEPH  because  of
ndertreatment.

Furthermore,  although  not  statistically  significant,  the
resence  of  antiphospholipid  syndrome  was  associated  with
ncreased  risk  of  CTEPH  development,  supporting  the  results
f  other  studies  with  the  same  conclusion.37

Patients  with  higher  PASP  at  diagnosis  showed  increased
isk  of  developing  CTEPH.  The  presence  of  PASP  >60  mmHg
s  unusual  in  the  setting  of  an  acute  PE  event  because  the
ormal  right  ventricle  is  unable  to  maintain  a  PASP  >40
mHg,  even  when  there  is  massive  PE  with  angiographically

stimated  vascular  obstruction  over  50%.5,38 Hence,  higher
ASP  at  admission  can  increase  the  specificity  for  detecting
TEPH  in  follow-up,  as  demonstrated  in  our  analyses  (cut-
ff  >79  mmHg  showed  a  specificity  of  99%).  As  proposed  by

ome  studies17,39 and  the  most  recent  guidelines,2 such  high
ressures  reflect  chronic  obstruction  of  the  pulmonary  vas-
ulature  and  support  the  hypothesis  of  pre-existing  CTEPH
t  the  time  of  acute  PE.
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Most  patients  who  develop  CTEPH  after  PE  have  been
ound  to  have  various  signs  of  CTEPH  at  the  initial  CTPA  in
everal  studies,17,19 which  suggests  a  primary  diagnosis  of  an
cute-on-chronic  event  rather  than  acute  PE.4 As  proposed
n  the  literature,  identification  of  ≥3  radiological  charac-
eristics  of  CTEPH  on  the  initial  CTPA  at  the  time  of  the
uspected  PE  event  virtually  diagnoses  this  entity  (specificity
6%).19 Therefore,  analysis  of  appropriate  CTPA  protocols  at
he  initial  event  is  crucial  for  its  early  recognition  and  proper
anagement,  as  suggested  in  the  current  guidelines.2 In  our

tudy  we  found  that  all  patients  had  at  least  two  signs  of
TEPH  at  the  time  of  the  index  event,  again  suggesting  the
resence  of  CTEPH  at  the  time  of  the  index  PE  (acute-on-
hronic  PE).  Although  not  compared  to  non-CTEPH  patients,
he  radiological  predictors  of  CTEPH  described  in  other  stud-
es  and  recent  guidelines19,20 were  present  in  some  of  our
atients,  supporting  their  predictive  ability.

In  contrast  to  other  studies,17 NT-proBNP  at  the  PE  event
as  not  a  predictor  of  CTEPH  in  our  cohort.  However,  dilata-

ion  of  the  right  chambers  at  follow-up  was  associated  with
ncreased  risk  of  CTEPH,  reflecting  the  adaptation  of  the
ight  ventricle  to  high  pressures  in  the  pulmonary  vascula-
ure.

tudy  limitations

espite  the  limitations  inherent  to  a  retrospective  analysis,
his  is  the  first  study  to  estimate  the  prevalence  of  CTEPH
fter  a  PE  event  confirmed  by  RHC  in  a  Portuguese  popula-
ion.  However,  we  recognize  some  limitations  in  our  study
hat  should  be  addressed.

The  main  limitation  of  our  work  was  the  small  number
f  patients  with  CTEPH,  which  precluded  the  identifica-
ion  of  predictors  for  this  entity.  Due  to  this  small  sample,
ultivariate  analysis  did  not  show  statistical  differences  in
ultiple  predictors  that  in  other  studies  were  associated
ith  increased  risk  of  developing  CTEPH.  Further  studies  are

equired  for  additional  research  into  predictors  of  CTEPH
ollowing  a  more  severe  form  of  PE.

Secondly,  it  was  not  possible  to  confirm  the  diagnosis  of
TEPH  by  RHC  in  all  patients  with  suspected  CTEPH,  due  to
he  comorbidities  present  in  some  patients  that  prevented
hem  from  undergoing  this  invasive  procedure.  For  this  rea-
on,  in  individuals  unable  to  undergo  the  invasive  procedure,
TEPH  was  defined  as  the  presence  of  echocardiographic
ndings  suggestive  of  pulmonary  hypertension  (including
eak  tricuspid  regurgitation  velocity  >2.9  m/s)  and  positive
ndings  on  the  V/Q  scan.  Even  though  this  alternate  diag-
osis  is  not  the  gold  standard  for  diagnosis  and  therefore
ot  as  accurate  as  RHC,  the  exclusion  of  patients  who  were
nable  to  undergo  RHC  due  to  comorbidities  would  greatly
nderestimate  the  prevalence  of  CTEPH  following  acute  PE.

Thirdly,  only  CTEPH  patients  had  their  CTPA  analyzed
y  expert  radiologists,  which  precludes  multivariate  anal-
sis  of  radiological  predictors  of  CTEPH,  which  have  been
ndertaken  in  other  studies.
onclusions

n  our  cohort,  the  prevalence  of  CTEPH  in  survivors  of  severe
orms  of  acute  PE  was  6.2%.  The  presence  of  varicose  veins
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nd  PASP  >60  mmHg  at  admission  for  the  index  event  were
dentified  as  early  predictors  of  CTEPH.  Our  study  there-
ore  suggests  that  patients  with  these  features  should  be
ollowed  carefully  to  exclude  CTEPH  and  physicians  should
e  alert  for  the  development  of  symptoms  that  may  be
ttributed  to  CTEPH.  Further  studies  are  needed  to  con-
rm  the  validity  of  these  and  other  predisposing  factors  that
ould  be  addressed  to  prevent  the  occurrence  of  CTEPH.  Fur-
hermore,  radiological  findings  of  CTEPH  may  be  present  at
he  index  event,  suggesting  a  diagnosis  of  acute-on-chronic
E  and  further  assisting  in  the  earlier  diagnosis  and  timely
anagement  of  CTEPH.  Additionally,  the  CTEPH  prediction

core  did  not  show  a  good  discriminatory  ability  to  predict
TEPH  in  our  study,  suggesting  that  other  prediction  scores
re  required  to  predict  the  risk  of  CTEPH  following  a  more
evere  PE  event.

unding

he  study  has  no  funding  to  declare.

onflicts of interest

he  authors  have  no  conflicts  of  interest  to  declare.

eferences

1. Thomas CA, Anderson RJ, Condon DF, et al. Diagnosis and mana-
gement of pulmonary hypertension in the modern era: insights
from the 6th World Symposium. Pulm Ther. 2020;6:9---22.

2. Humbert M, Kovacs G, Hoeper MM, et al. 2022 ESC/ERS
Guidelines for the diagnosis and treatment of pulmonary hyper-
tension: developed by the task force for the diagnosis and
treatment of pulmonary hypertension of the European Soci-
ety of Cardiology (ESC) and the European Respiratory Society
(ERS). Endorsed by the International Society for Heart and
Lung Transplantation (ISHLT) and the European Reference Net-
work on rare respiratory diseases (ERN-LUNG). Eur Heart J.
2022;43:3618---731.

3. Konstantinides SV, Meyer G, Bueno H, et al. 2019 ESC Guidelines
for the diagnosis and management of acute pulmonary embolism
developed in collaboration with the European respiratory soci-
ety (ERS). Eur Heart J. 2020;41:543---603.

4. Delcroix M, Torbicki A, Gopalan D. ERS statement on
chronic thromboembolic pulmonary hypertension. Eur Respir J.
2021;57:2002828.

5. Pengo V, Lensing AWA,  Prins MH, et al. Incidence of chronic
thromboembolic pulmonary hypertension after pulmonary
embolism. N Engl J Med. 2004;350:2257---64.

6. Santos M, Gomes A, Cruz C, et al. Long-term survival in
pulmonary arterial hypertension and chronic thromboembolic
pulmonary hypertension: insights from a referral center in Por-
tugal. Rev Port Cardiol. 2018;37:749---57.

7. Simonneau G, Hoeper MM. Evaluation of the incidence of
rare diseases: difficulties and uncertainties, the example of
chronic thromboembolic pulmonary hypertension. Eur Respir J.
2017;49:1602522.

8. Hoeper MM, Mayer E, Simonneau G, et al. Chronic thromboem-
bolic pulmonary hypertension. Circulation. 2006;113:2011---20.
9. Delcroix M, Lang I, Pepke-Zaba J, et al. Long-term outcome of
patients with chronic thromboembolic pulmonary hypertension:
results from an International Prospective Registry. Circulation.
2016;133:859---71.

2

95
logia  42  (2023)  947---958

0. Klok FA, Dzikowska-Diduch O, Kostrubiec M, et al. Deriva-
tion of a clinical prediction score for chronic thromboembolic
pulmonary hypertension after acute pulmonary embolism. J
Thromb Haemost. 2016;14:121---8.

1. Fragata J, Telles H. Pulmonary thromboendarterectomy in Por-
tugal: initial experience. Rev Port Cardiol. 2020;39:505---12.

2. Ende-Verhaar YM, Cannegieter SC, Noordegraaf AV, et al. Inci-
dence of chronic thromboembolic pulmonary hypertension after
acute pulmonary embolism: a contemporary view of the pub-
lished literature. Eur Respir J. 2017;49:1601792.

3. Klok FA, van Kralingen KW, van Dijk APJ, et al. Prospective
cardiopulmonary screening program to detect chronic throm-
boembolic pulmonary hypertension in patients after acute
pulmonary embolism. Haematologica. 2010;95:970---5.

4. Rashidi F, Parvizi R, Bilejani E, et al. Evaluation of the inci-
dence of chronic thromboembolic pulmonary hypertension 1
year after first episode of acute pulmonary embolism: a cohort
study. Lung. 2020;198:59---64.

5. Fedullo P, Auger W, Kerr K. Chronic thromboembolic pulmonary
hypertension. N Engl J Med. 2001;345:1465---72.

6. Gall H, Hoeper MM, Richter MJ, et al. An epidemiological
analysis of the burden of chronic thromboembolic pulmonary
hypertension in the USA, Europe and Japan. Eur Respir Rev.
2017;26:160121.

7. Guérin L, Couturaud F, Parent F, et al. Prevalence of chronic
thromboembolic pulmonary hypertension after acute pul-
monary embolism. Thromb Haemost. 2014;112:598---605.

8. Boon GJAM, Ende-Verhaar YM, Bavalia R, et al. Non-invasive
early exclusion of chronic thromboembolic pulmonary hyper-
tension after acute pulmonary embolism: the InShape II study.
Thorax. 2021;76:1002---9.

9. Ende-Verhaar YM, Meijboom LJ, Kroft LJM, et al. Useful-
ness of standard computed tomography pulmonary angiography
performed for acute pulmonary embolism for identification
of chronic thromboembolic pulmonary hypertension: results
of the InShape III study. J Hear Lung Transplant. 2019;38:
731---8.

0. Konstantinides SV, Meyer G, Becattini C, et al. 2019 ESC
Guidelines for the diagnosis and management of acute pul-
monary embolism developed in collaboration with the European
Respiratory Society (ERS): supplementary data. Eur Heart J.
2019:1---19.

1. Becattini C, Agnelli G, Lankeit M, et al. Acute pulmonary
embolism: mortality prediction by the 2014 European Soci-
ety of Cardiology risk stratification model. Eur Respir J.
2016;48:780---6.

2. Zhang M, Wang N, Zhai Z, et al. Incidence and risk factors of
chronic thromboembolic pulmonary hypertension after acute
pulmonary embolism: a systematic review and meta-analysis of
cohort studies. J Thorac Dis. 2018;10:4751---63.

3. Klok FA, Tesche C, Rappold L, et al. External validation of a
simple non-invasive algorithm to rule out chronic thromboem-
bolic pulmonary hypertension after acute pulmonary embolism.
Thromb Res. 2015;135:796---801.

4. Becattini C, Agnelli G, Pesavento R, et al. Incidence of chronic
thromboembolic pulmonary hypertension after a first episode
of pulmonary embolism. Chest. 2006;130:172---5.

5. Barros A, Baptista R, Nogueira A, et al. Preditores de
hipertensão pulmonar após tromboembolia pulmonar de risco
intermédio a elevado. Rev Port Cardiol. 2013;32:857---64.

6. Mathai SC, Ghofrani HA, Mayer E, et al. Quality of life in
patients with chronic thromboembolic pulmonary hypertension.
Eur Respir J. 2016;48:526---37.

7. Pepke-Zaba J, Delcroix M, Lang I, et al. Chronic thromboembolic

pulmonary hypertension (CTEPH): results from an international
prospective registry. Circulation. 2011;124:1973---81.

8. Otero R, Elías T, Jara L, et al. Factors associated with elevated
pulmonary arterial pressure levels on the echocardiographic

7

http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0240
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0300
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0305
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0310
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0315
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0320
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0325
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0330
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335


lé,  M

2

3

3

3

3

3

3

3

3

3

disease. Am J Cardiol. 1971;28:288---94.
39. Delcroix M, Kerr K, Fedullo P. Chronic thromboembolic pul-

monary hypertension: epidemiology and risk factors. Ann Am
J.  Pargana,  R.  Ca

assessment in patients with prior pulmonary embolism. Thromb
Res. 2013;131:e191---5.

9. Valerio L, Mavromanoli AC, Barco S, et al. Chronic thromboem-
bolic pulmonary hypertension and impairment after pulmonary
embolism: the FOCUS study. Eur Heart J. 2022;43:3387---98.

0. Yang S, Yang Y, Zhai Z, et al. Incidence and risk factors of
chronic thromboembolic pulmonary hypertension in patients
after acute pulmonary embolism. J Thorac Dis. 2015;7:1927---38.

1. Kim NH, Delcroix M, Jais X, et al. Chronic thromboembolic pul-
monary hypertension. Eur Respir J. 2019;53:1801915.

2. Valerio L, Klok FA, Barco S. Immediate and late impact of reper-
fusion therapies in acute pulmonary embolism. Eur Heart J
Suppl. 2019;21:I1---13.

3. Sharifi M, Bay C, Skrocki L, et al. Moderate pulmonary embolism
treated with thrombolysis (from the ‘‘MOPETT’’ Trial). Am J

Cardiol. 2013;111:273---7.

4. Sharma GVRK, Folland ED, McIntyre KM, et al. Long-term benefit
of thrombolytic therapy in patients with pulmonary embolism.
Vasc Med. 2000;5:91---5.

95
.  Martinho  et  al.

5. Konstantinides SV, Vicaut E, Danays T, et al. Impact of throm-
bolytic therapy on the long-term outcome of intermediate-
risk pulmonary embolism. J Am Coll Cardiol. 2017;69:
1536---44.

6. Otero R, Oribe M, Ballaz A, et al. Echocardiographic assessment
of pulmonary arterial pressure in the follow-up of patients with
pulmonary embolism. Thromb Res. 2011;127:303---8.

7. Bonderman D, Wilkens H, Wakounig S, et al. Risk factors for
chronic thromboembolic pulmonary hypertension. Eur Respir J.
2009;33:325---31.

8. Mcintyre KM, Sasahara AA. The hemodynamic response to pul-
monary embolism in patients without prior cardiopulmonary
Thorac Soc. 2016;13:S201---6.

8

http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0335
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0340
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0345
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0350
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0355
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0360
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0365
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0370
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0375
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0380
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0385
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390
http://refhub.elsevier.com/S0870-2551(23)00392-X/sbref0390

	Prevalence and predictors of chronic thromboembolic pulmonary hypertension following severe forms of acute pulmonary embolism
	Introduction
	Objectives
	Methods
	Study population
	Outcome definitions
	Statistical analysis

	Results
	Study population
	Prevalence of chronic thromboembolic pulmonary hypertension
	Analysis of risk factors
	Computed tomography pulmonary angiography findings at the time of index pulmonary embolism in patients with chronic thromb...

	Discussion
	Study limitations

	Conclusions
	Funding
	Conflicts of interest
	References


