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orge  Ferreiraar, Carlos Aguiaras,at, Manuela Fonsecaau,av,
icardo  Fontes-Carvalhoaw,ax, Fátima Francoay, Carolina Lourençoaz,
lisabete Martinsb,ba,bb, Hélder Pereirabc,bd, Mário Santosac,be,bf,bg, Joana Pimentabh,bi

Medicine  Department,  Faculdade  de  Medicina  da  Universidade  do  Porto,  Porto,  Portugal
Cardiology  Department,  Unidade  Local  de  Saúde  São  João,  Porto,  Portugal
RISE-Health,  Porto,  Portugal
Faculdade  de  Medicina  da  Universidade  do  Porto,  Porto,  Portugal
Hospital  Lusíadas  Porto,  Porto,  Portugal
Medical  Department,  Boehringer  Ingelheim,  Lisboa,  Portugal
Heart  Failure  Day  Hospital,  Hospital  da  Luz  Lisboa,  Lisboa,  Portugal
Católica  Medical  School,  Universidade  Católica  Portuguesa,  Lisboa,  Portugal
Cardiology  Department,  Hospital  CUF  Descobertas,  Lisboa,  Portugal
Faculdade  de  Ciências  Médicas  da  Universidade  Nova  de  Lisboa,  Nova  Medical  School,  Lisboa,  Portugal
Autonomous  Arrhythmology,  Pacing  and  Electrophysiology  Unit,  Hospital  de  Santa  Marta,  Unidade  Local  de  Saúde  São  José,
isboa, Portugal
CCUL  ---  Faculdade  de  Medicina  de  Lisboa,  Lisboa,  Portugal
UnIC@RISE,  Faculdade  de  Medicina,  Universidade  do  Porto,  Porto,  Portugal
Department  of  Cardiology,  Hospital  Pedro  Hispano,  Unidade  Local  de  Saúde  de  Matosinhos,  Matosinhos,  Portugal
Hospital  das  Forças  Armadas  ---  Polo  do  Porto,  Porto,  Portugal
Heart  Failure  Clinic,  Medicine  Department,  Hospital  São  Francisco  Xavier,  Unidade  Local  de  Saúde  de  Lisboa  Ocidental,  Lisboa,
ortugal
NOVA  Medical  School,  Universidade  Nova  de  Lisboa,  Lisboa,  Portugal
Community  Medicine  Department,  Information  and  Health  Decision  Sciences  (MEDCIDS),  Porto,  Portugal
Center  for  Health  Technology  and  Services  Research  (CINTESIS@RISE),  Porto,  Portugal
∗ Corresponding author.
E-mail address: silvacardoso30@gmail.com (J. Silva-Cardoso).

ttps://doi.org/10.1016/j.repc.2024.11.011
870-2551/© 2025 Published by Elsevier España, S.L.U. on behalf of Sociedade Portuguesa de Cardiologia. This is an open access article
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.repc.2024.11.011
http://www.revportcardiol.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.repc.2024.11.011&domain=pdf
mailto:silvacardoso30@gmail.com
https://doi.org/10.1016/j.repc.2024.11.011
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


J.  Silva-Cardoso,  E.  Moreira,  R.  Tavares  de  Melo  et  al.

t Faculty  of  Medicine,  University  of  Porto,  Porto,  Portugal
u Cardiology  Department,  Hospital  de  Santarém,  Santarém,  Portugal
v Heart  Failure  Clinic,  Hospital  de  São  Francisco  Xavier,  Medicine  Department,  Unidade  Local  de  Saúde  Lisboa  Ocidental,  Lisboa,
Portugal
w Nova  Medical  School,  Faculdade  de  Ciências  Médicas,  Universidade  Nova  de  Lisboa,  Lisboa,  Portugal
x Centre  d’Investigations  Cliniques  Plurithématique  1433,  INSERM,  Université  de  Lorraine,  CIC  1439,  Institut  Lorrain  du  Coeur  et
des Vaisseaux,  CHU  54500,  Vandoeuvre-lès-Nancy  &  F-CRIN  INI-CRCT  (Cardiovascular  and  Renal  Clinical  Trialists),  INSERM  U1116,
Centre Hospitalier  Régional  Universitaire  de  Nancy,  Nancy,  France
y UnIC@RISE,  Cardiovascular  Research  and  Development  Center,  Department  of  Surgery  and  Physiology,  Faculdade  de  Medicina,
Universidade  do  Porto,  Porto,  Portugal
z Heart  Failure  Clinic,  Internal  Medicine  Department,  Unidade  Local  de  Saúde  de  Gaia,  Espinho,  Portugal
aa Department  of  Internal  Medicine,  Centro  Hospitalar  Universitário  de  Santo  António,  Unidade  Local  de  Saúde  de  Santo  António,
Porto, Portugal
ab Unidade  Multidisciplinar  de  Investigação  Biomédica  (UMIB),  Instituto  de  Ciências  Biomédicas  Abel  Salazar  (ICBAS),  Universidade
do Porto,  Porto,  Portugal
ac ITR  ---  Laboratory  for  Integrative  and  Translational  Research  in  Population  Health,  Porto,  Portugal
ad CAC  ICBAS-CHP  ---  Centro  Académico  Clínico  Instituto  de  Ciências  Biomédicas  Abel  Salazar,  Unidade  Local  de  Saúde  Santo
António, Porto,  Portugal
ae Heart  Failure  Clinic,  Cardiology  Department,  Hospital  Padre  Américo,  Unidade  Local  de  Saúde  Tâmega  e  Sousa,  Penafiel,
Portugal
af Department  of  Cardiology,  Unidade  Local  de  Saúde  de  Entre  o  Douro  e  Vouga,  Santa  Maria  da  Feira,  Portugal
ag Faculdade  de  Medicina,  Universidade  de  Coimbra,  Coimbra,  Portugal
ah Universidade  de  Coimbra,  Center  for  Innovative  Biomedicine  and  Biotechnology  (CIBB),  Coimbra,  Portugal
ai Clinical  Academic  Center  of  Coimbra  (CACC),  Coimbra,  Portugal
aj Cardiology  Department,  Unidade  Local  de  Saúde  Santa  Maria,  Lisboa,  Portugal
ak CCUL@RISE,  Faculdade  de  Medicina,  Universidade  de  Lisboa,  Lisboa,  Portugal
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Abstract  Heart  failure  (HF)  with  preserved  ejection  fraction  (HFpEF)  affects  more  than  50%
of HF  patients  worldwide,  and  more  than  70%  of  HF  patients  aged  over  65.  This  is  a  complex
syndrome  with  a  clinically  heterogeneous  presentation  and  a  multifactorial  pathophysiology,
both of  which  make  its  diagnosi
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s  and  treatment  challenging.
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A Portuguese  HF expert  panel  convened  to address  HFpEF  pathophysiology  and therapy, as well
as  appropriate  management  within  the Portuguese  context.  This  initiative  resulted  in two  position
papers  that  examine  the most recently  published  literature  in the  field.

The present  Part I includes  a review  of  the HFpEF  literature  covering  pathophysiology,  clini-
cal presentation,  diagnosis  and  treatment,  including  pharmacological  and non-pharmacological
strategies.

Part II,  the second  paper,  addresses  the  development  of a holistic  and  integrated  HFPEF  clinical
care  system  within  the Portuguese  context  that  is capable  of reducing  morbidity  and mortality
and  improving  patients’  functional  capacity  and  quality  of life.
© 2025  Published  by Elsevier  España,  S.L.U.  on  behalf  of Sociedade  Portuguesa  de Cardiologia.  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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Artigo  de  posicionamento  de  peritos  portugueses  sobre  a  gestão  da  ICFEp  ---  Parte  I:
Fisiopatologia,  Diagnóstico  e  Tratamento

Resumo  A insuficiência  cardíaca  com fração  de  ejeção preservada  (ICFEp)  afeta  mais  de  50% dos
doentes  com  IC  em todo o mundo  e mais de 70%  dos  doentes  com IC  com mais  de  65  anos.  É uma
síndrome  complexa,  com uma  apresentação  clinicamente  heterógena,  e com uma fisiopatologia
multifatorial,  o  que torna  o seu  diagnóstico  e tratamento  desafiantes.

Um  painel  de peritos  portugueses  em IC  reuniu-se  para  abordar  fisiopatologia  e terapêutica  da
ICFEp,  bem  como  a sua gestão  adequada  no contexto  português.  Este  trabalho  resultou  em  dois
artigos  de  posicionamento,  considerando  a literatura  da  área publicada  mais  recentemente.

A  presente  Parte I inclui uma  revisão  da  literatura  sobre ICFEp  abrangendo  a fisiopatologia,
apresentação  clínica,  diagnóstico  e tratamento,  incluindo  estratégias  farmacológicas  e  não  far-
macológicas.

A  Parte  II,  num  segundo  artigo,  integra  o  desenvolvimento  de  um  sistema  de  cuidados  clínicos
de ICFEp  holístico  e  integrado  no  contexto  português,  capaz  de  reduzir  a morbi-mortalidade  e
melhorar  a capacidade  funcional  e  a  qualidade  de  vida dos  doentes.
©  2025  Publicado  por  Elsevier  España,  S.L.U.  em nome  de  Sociedade  Portuguesa  de  Cardiolo-
gia.  Este é  um  artigo  Open  Access  sob  uma  licença  CC  BY-NC-ND  (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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ccording  to  the  European  Society  of  Cardiology  (ESC),  the
iagnosis  of  heart  failure  (HF)  with  preserved  ejection  frac-
ion  (HFpEF)  is  made  when  patients  with  established  HF
ave  left  ventricular  ejection  fraction  (LVEF)  ≥50%.1 In
he  presence  of  supranormal  LVEF  (>65---70%),  diseases  like
ypertrophic  cardiomyopathy  or  cardiac  amyloidosis  should
e  investigated,  since  supranormal  LVEF  may  be  due  to
educed  end-diastolic  volume.1 The  American  College  of
ardiology  defines  HFpEF  as  a  clinical  diagnosis  of  HF  and
VEF  ≥50%  not  due  to  infiltrative  or  hypertrophic  cardiomy-
pathy,  valvular  or  pericardial  disease,  or  a  high  output
tate.2

HFpEF  affects  more  than  50%  of  HF  patients  worldwide,3,4

nd  its  prevalence  increases  sharply  with  age,  affecting  70%
f  HF  patients  aged  over  65  years.5

The  recent  PORTuguese  Heart  failure  prevalence  Obser-
ational  Study  (PORTHOS),  a  population-based  cross-

ectional  study,  screened  over  6000  participants  aged  ≥50
ears.6 HF  prevalence  was  16.5%,  higher  in  older  people
odds  ratio  [OR]  10.6  in  ≥70  vs.  50---59  years)  and  in  women
OR  2.3  vs.  men).7 Most  HF  patients  presented  with  HFpEF

H
p
d
t
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15.2%  vs.  1.3%  of  HF  with  reduced/mildly  reduced  ejection
raction  [HFrEF/HFmrEF]).  Three  quarters  of  HFpEF  patients
ere  women  and  the  same  proportion  were  aged  ≥70  years.7

The  prevalence  of  HFpEF  is  expected  to  increase  fur-
her  in  the  near  future  due  to  aging  of  the  population  and
he  growing  burden  of  comorbidities,  particularly  obesity,
etabolic  syndrome,  diabetes,  hypertension,  atrial  fibrilla-

ion  (AF),  and  coronary  artery  disease.4,8

In  addition  to  its  increasing  prevalence,  HFpEF  is  a
omplex  syndrome,  clinically  heterogeneous  and  with  a  mul-
ifactorial  pathophysiology,  which  makes  its  diagnosis  and
reatment  challenging.  Considering  the  importance  of  HFpEF
nd  the  most  recently  published  literature  in  the  field,

 panel  of  Portuguese  heart  failure  experts  convened  to
ddress  HFpEF  management  within  the  Portuguese  context.
his  position  paper  consists  of  two  articles  (Part  I  and  Part

I).  The  present  Part  I  includes  a  review  of  the  HFpEF  liter-
ture  covering  pathophysiology,  clinical  presentation,  and
linical  management.  Part  II  addresses  the  current  status  of

FpEF  care  in  Portugal,  identifies  unmet  needs,  proposes  a
ragmatic  approach  to  HFpEF  management,  and  presents  a
iagnosis  and  referral  roadmap,  along  with  a  strategy  for
reatment  implementation.
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athophysiology of heart failure with
reserved ejection fraction

FpEF  is  particularly  common  in  older,  overweight  women
ith  multiple  comorbidities  and  elevated  inflammatory
lasma  biomarkers.9---11 Unlike  HFrEF,  in  which  neurohor-
onal  activation  plays  a  central  role,  chronic  low-grade

ystemic  inflammation  is  key  in  HFpEF.12,13 Inflammation  may
e  induced  or  aggravated  by  comorbidities  such  as  obe-
ity,  metabolic  syndrome  and  chronic  kidney  disease  (CKD),
ogether  with  the  natural  process  of  aging.14 Chronic  sys-
emic  inflammatory  disorders  such  as  rheumatoid  arthritis
lso  increase  the  occurrence  of  HFpEF.15,16

besity,  age-related  metabolic  changes  and
ystemic inflammatory  disorders  at  the  inception
f heart  failure  with  preserved  ejection  fraction

uring  the  1970s  and  1980s  HFpEF  was  most  frequently  asso-
iated  with  hypertension,  but  obesity  is  currently  the  most
ommon  associated  comorbidity.17---19 Obesity  is  an  indepen-
ent  risk  factor  for  HFpEF,  more  markedly  in  females  than
n  males,  while  older  women  with  central  obesity  are  at  the
ighest  risk.18,19

Central  obesity  is  defined  as  increased  visceral  (intra-
bdominal)  adipose  tissue  (VAT).20 Intra-abdominal  fat  is
ighly  metabolically  active,  and  produces  a  chronic  inflam-
atory  state,  as  well  as  hemodynamic  imbalance,  both  of
hich  damage  the  heart  and  blood  vessels.21

Intra-abdominal  adipocytes  produce  leptin,  neprilysin
nd  aldosterone,  and  promote  beta-2  adrenegic  recep-
or  and  renal  sympathetic  nerve  activation.22 Neprylisin
egrades  natriuretic  peptides,  while  aldosterone  promotes
odium  retention,  resulting  in  plasma  volume  expansion
nd  hence  congestion.22 Additionally,  neprilysin  and  aldos-
erone,  as  well  as  adipokines  (leptin  and  others),  induce  a
ow-grade  chronic  inflammatory  state,  promoting  myocar-
ial  and  vascular  fibrosis.23,24 Sodium  retention  is  further
mplified  by  the  direct  action  of  beta-2  adrenergic  activa-
ion,  which  stimulates  mineralocorticoid  receptors,  leading
o  cardiac  and  vascular  fibrosis,  sodium  retention,  and  con-
equent  plasma  volume  expansion.22

In  sum,  adiposity-driven  plasma  volume  expansion  is  cou-
led  with  reduced  ventricular  and  vascular  distensibility  due
o  fibrosis,  induced  by  the  overstimulation  of  cardiac  and
ascular  mineralocorticoid  receptors.  This  leads  to  a  marked
ncrease  in  end-diastolic  pressure  (hemodynamic  conges-
ion),  resulting  in  dyspnea  and  peripheral  edema  (clinical
ongestion).25

picardial  tissue  expansion  and  inflammation

he  above-mentioned  persistent  systemic  inflammatory
tate  results,  in  turn,  in  expansion  and  inflammation  of
picardial  adipose  tissue.  The  latter  creates  a  substrate

or  AF  and  induces  coronary  microvascular  endothelial
nflammation,  contributing  to  myocardial  dysfunction  and
emodeling.12,26,27 Cardiac  fibroblasts  are  activated,  leading
o  interstitial  myocardial  fibrosis.28

T
a
p
a
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This  chain  of  events  leads  to  myocardial  diastolic  dys-
unction  and  left  ventricular  (LV)  concentric  remodeling,
oth  resulting,  again,  in  a  marked  increase  in  end-diastolic
ressure.14

trial  fibrillation  and  left  ventricular  diastolic
ysfunction

s  the  sequence  of  events  described  above  involves  the  left
trium,  it  can  lead  to  AF  and,  by  involving  the  left  ventricle,
romotes  diastolic  dysfunction,  both  of  which  are  associated
ith  HFpEF.12

The  emergence  of  AF  is  very  common  and  important  in
FpEF  patients,  since  in  a  small  ventricle  with  diminished
istensibility,  the  contribution  of  atrial  kick  is  extremely
mportant  to  maintain  LV  filling  and  cardiac  output.  Thus,
he  presence  of  AF  reduces  LV  filling,  leading  to  diminished
utput.  Additionally,  a stiff  ventricle  is  more  dependent  on
iastolic  time  for  adequate  filling.  Rapid  AF  dramatically
educes  LV  diastolic  time  and  thus  may  lead  to  flash  pul-
onary  edema.29

Accordingly,  the  H2FPEF  score  attributes  the  greatest
eight  to  the  presence  of  AF  among  all  variables  consid-
red  when  predicting  the  likelihood  that  HFpEF  is  present  in
n  individual  patient.30

Furthermore,  ventricular  fibrosis  also  occurs  in  HFpEF  and
ay  lead  to  an  increased  risk  of  ventricular  arrhythmias  and

udden  cardiac  death.31,32

ypertension  and  heart  failure  with  preserved
jection fraction

etween  55%  and  90%  of  HFpEF  patients  have  arterial
ypertension,  which  is  the  most  prevalent  comorbidity  in
FpEF.33,34

Important  mechanisms  linking  hypertension  and  HFpEF
nclude  LV  hypertrophy,  myocardial  fibrosis,  and  subsequent
iastolic  dysfunction.

Myocardial  fibrosis  and  reduced  capillary  density,  in  the
resence  of  LV  hypertrophy,  result  in  myocardial  ischemia,
hus  worsening  LV  diastolic  function.33---35

Additionally,  aortic  stiffness  consequent  to  hypertension
s  responsible  for  increased  arterial  wave  reflection  velocity,
nducing  late  systolic  load,  thus  contributing  to  LV  diastolic
ysfunction.

ascular  fibrosis  and  stiffening

ascular  fibrosis  and  stiffening  also  play  an  important  role
n  HFpEF,  since  they  reduce  arterial  compliance,  increas-
ng  LV  diastolic  dysfunction  and  producing  left  and  right
entricular-arterial  uncoupling.36,37

iabetes  and  heart  failure  with  preserved  ejection
raction
he  association  between  diabetes  and  HFpEF  may  be  medi-
ted  by  hyperinsulinemia,  which  can  suppress  autophagy  and
romote  mitochondrial  dysfunction.  Increased  sympathetic
ctivation  and  cardiac  hypertrophy  are  important  conse-
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uences  of  hyperinsulinemia.27 It  can  also  activate  Na-H
xchangers  in  renal  tubules  and  cardiomyocytes,  and  cause
xpansion  of  epicardial  fat,  which  is  associated  with  micro-
irculatory  dysfunction  and  myocardial  fibrosis.12

Additionally,  the  myocardium  can  become  insulin-
esistant  with  obesity,  and  gender  and  obesity  interact
n  predicting  myocardial  glucose  uptake  and  insulin
ensitivity.38

hronic  kidney  disease  and  the
ardiovascular-kidney-metabolic  syndrome

hronic  kidney  disease  is  present  in  about  half  of
atients  with  HFpEF.  Pathophysiological  mechanisms  impli-
ated  in  HFpEF  are  linked  to  the  association  of  CKD
ith  hypertension  and  metabolic  abnormalities,  which
ctivate  a  systemic  inflammatory  reaction,  endothelial
ysfunction,  and  myocardial  fibrosis,  including  increased
entral  venous  and  intra-abdominal  pressures,  renin-
ngiotensin  system  activation,  oxidative  stress,  and  chronic
nflammation.33,34

Considering  the  overlap  between  the  cardiorenal  and  car-
iometabolic  syndromes,  it  has  been  suggested  that  a  wider
oncept  of  a  cardiovascular-kidney-metabolic  (CKM)  syn-
rome  should  be  adopted.39 The  molecular  mechanisms  of
KM  syndrome  include  a  variety  of  interconnected  factors;
owever,  what  links  risk  factors  for  CKM  to  cardiovascular
isease  and  CKD  remains  unclear.39

ther  pathophysiological  mechanisms  in  heart
ailure with  preserved  ejection  fraction

mpaired  cellular  calcium  regulation,  loss  of  muscle  mass
nd  decline  in  muscle  strength,  among  many  other  factors,
ay  play  a  role  in  the  pathogenesis  of  HFpEF.40,41

Chronotropic  incompetence,  defined  as  a  significantly
ower  peak  heart  rate  during  exercise  compared  to  that  of
ormal  individuals  of  the  same  age  group,  has  also  been  con-
istently  associated  with  exercise  intolerance  in  HFpEF,  by
imiting  these  patients’  ability  to  increase  cardiac  output.42

he  particular  case  of  women

t  is  still  unclear  why  HFpEF  is  more  prevalent  in  women.
omen,  particularly  when  older  and  obese,  tend  to
ave  greater  epicardial  and  intramyocardial  fat  volume
nd  higher  levels  of  adipocyte-associated  proinflammatory
ediators  than  men.18 Additionally,  women  with  increased

isceral  adipose  tissue  (VAT)  present  33%  greater  exercise
ulmonary  capillary  wedge  pressure  than  those  without,
hereas  this  was  not  observed  in  men.17 Moreover,  women

end  to  show  greater  arterial  stiffness,  and  a  smaller,  thicker
nd  stiffer  left  ventricle  than  men.43

linical presentation and diagnosis of heart
ailure with preserved ejection fraction
iagnosing  HFpEF  requires  the  investigation  of  specific  eti-
logies  that  may  present  with  or  without  HF  signs  and
ymptoms  and  preserved  LVEF,  but  require  specific  diag-
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ostic  assessment  and  therapeutic  management.2 These
nclude  conditions  such  as  amyloid,  hypertrophic  or  other
estrictive/infiltrative  cardiomyopathies,  and  valvular  or
ericardial  diseases.2

Additionally,  in  patients  with  dyspnea  and  other  signs
nd  symptoms  associated  with  HF,  diagnosing  HFpEF  is
ot  straightforward,  since  the  presence  of  preserved  LVEF
equires  differential  diagnosis  with  non-cardiac  causes  of
yspnea.  In  some  cases,  advanced  imaging  or  invasive  car-
iopulmonary  exercise  testing  may  be  required  in  patients
ho  only  develop  physical  manifestations  of  congestion  dur-

ng  exercise.5,44

Two  tools  have  been  developed  to  help  in  the  diagnosis  of
FpEF:  the  H2FPEF  score  and  the  HFA-PEFF  algorithm.30,44

The  H2FPEF  score  was  created  using  an  invasively  diag-
osed  HFpEF  cohort,  and  was  subsequently  tested  in  a
alidation  cohort.  It  is  based  on  six  clinical  variables,  most  of
hich  are  readily  assessed  in  clinical  practice,  and  an  online
alculator  is  available.30

The  HFA-PEFF  algorithm  was  created  by  an  expert  consen-
us  panel  and  is  more  complex  than  the  H2FPEF  score.  An
nitial  probability  of  HFpEF  is  established,  based  on  clinical
ssessment  complemented  by  a  diagnostic  work-up  includ-
ng  natriuretic  peptides,  electrocardiography,  chest  X-ray,
nd  advanced  echocardiography.44 If  this  probability  is  low,
FpEF  is  excluded,  while  if  it  is  high,  HFpEF  is  confirmed.44

hen  the  probability  of  HFpEF  is  intermediate,  a  diastolic
tress  test  should  be  performed.44 This  uses  exercise  right
eart  catheterization  to  directly  measure  HFpEF-defining
arameters,  and  is  therefore  the  diagnostic  gold  standard.
owever,  this  is  an  invasive  technique,  requires  operator
xpertise  and  has  high  associated  costs,  making  it  unsuitable
s  an  universal  diagnostic  tool.5 The  HFA-PEFF  algorithm
ncorporates  diastolic  stress  testing  only  on  a  case-by-case
asis.

reatment of heart failure with preserved
jection fraction

ddressing  etiology  and  comorbidities

oth  the  2021  ESC  and  the  2022  American  Heart  Associa-
ion/American  College  of  Cardiology/Heart  Failure  Society
f  America  (AHA/ACC/HFSA)  heart  failure  guidelines  recom-
end  the  identification  and  treatment  of  HFpEF  etiology  and

omorbidities  with  a  class  I  indication1,33,45,46 and  consider
hem  core  elements  of  HFpEF  management.1,33,45,46 They
lso  recommend  increased  physical  activity  and  reduction
f  body  weight  in  overweight  and  obese  patients.1,45

hysical  activity
xercise  intolerance  is  a  major  feature  of  HFpEF,  affect-
ng  quality  of  life.  Impaired  exercise  capacity  in  HFpEF
s  due  to  various  pathophysiological  mechanisms  involving
he  heart,  lungs,  vessels,  and  skeletal  muscles.  Reg-
lar  exercise  has  demonstrated  a  pleiotropic  array  of
ositive  effects  that  can  ameliorate  these  cardiac  and

xtracardiac  abnormalities.47 Current  guidelines  strongly
dvocate  exercise  training  for  HF  patients,  assigning
t  a  class  I  recommendation  (level  of  evidence  A).47

everal  trials  have  consistently  shown  improvements  in
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xercise  capacity  in  HFpEF  patients  through  various  exer-
ise  modalities,  including  facility-based  and  home-based
nterventions.47,48

eduction  of  body  weight
eight  loss  via  caloric  restriction  or  aerobic  exercise

educed  LV  mass  and  inflammatory  markers  and  improved
xercise  capacity  and  quality  of  life  in  a  seminal  clinical
rial  in  older  obese  patients  with  HFpEF,  with  the  combina-
ion  of  the  two  interventions  being  additive.49 Weight  loss
an  be  achieved  through  a  combination  of  lifestyle  interven-
ions  including  diet  and  exercise  training,  pharmacotherapy,
nd  bariatric  surgery.

In  the  recently  published  STEP-HFpEF  trial,  the  glucagon-
ike  peptide-1  (GLP-1)  agonist  semaglutide  led  to  reductions
n  symptoms  and  physical  limitations  and  greater  exer-
ise  capacity  and  weight  loss,  compared  with  placebo
n  non-diabetic  obese  HFpEF  patients,  across  obesity
ategories.50,51 The  magnitude  of  benefit  was  directly
elated  to  the  extent  of  weight  reduction,  supporting  the
rug  as  a  key  treatment  strategy  in  the  obese  HFpEF  phe-
otype.  The  recent  STEP-HFpEF  DM  trial  showed  similar
esults  with  semaglutide  in  patients  with  obesity-related
FpEF  and  type  2  diabetes.52 Recently  released  data

rom  the  SUMMIT  trial  with  tirzepatide,  a  dual  glucose-
ependent  insulinotropic  polypeptide  (GIP)  and  GLP-1
gonist,  showed  a  38%  relative  risk  reduction  in  the  co-
rimary  endpoint  of  time  to  first  cardiovascular  death,
F  urgent  visit/hospitalization,  or  oral  diuretic  intensifica-
ion  with  tirzepatide  vs.  placebo  over  a  median  follow-up
f  104  weeks  in  731  patients  with  obesity  (body  mass
ndex  ≥30  kg/m2)  and  New  York  Heart  Association  (NYHA)
lass  II---IV  HFpEF  (LVEF  ≥50%),  with  N-terminal  pro-brain
atriuretic  peptide  (NT-proBNP)  >200  pg/ml  (>600  pg/ml
ith  AF)  and  estimated  glomerular  filtration  rate  (GFR)
etween  15  and  70  ml/min/1.73  m2,  and  without  gly-
ated  hemoglobin  ≥9.5%,  uncontrolled  diabetes,  or  a  major
ardiovascular  event  in  the  last  90  days  of  screening.53

dditionally,  mean  body  weight  reduction  from  baseline  to
eek  52  was  observed  with  tirzepatide,  with  an  approxi-
ate  15.7%  body  weight  reduction  vs.  2.2%  in  the  placebo

rm.53,54

Although  bariatric  surgery  is  associated  with  significant
nd  sustained  weight  reduction,  there  are  no  data  on  HFpEF
atients  or  randomized  trials  assessing  its  effect  on  cardio-
ascular  outcomes;  however,  observational  data  support  its
ssociation  with  a  reduced  incidence  of  HF.55

iuretics:  congestion  control

ongestion  is  central  in  HFpEF,  and  thus  loop  diuretics
re  a  crucial  part  of  therapy.1,45 Elevated  LV  filling  pres-
ures,  as  measured  by  LV  end-diastolic  pressure  (LVEDP),
re  needed  to  ensure  appropriate  diastolic  filling,  which  is
ssential  to  maintain  cardiac  output.  However,  increased
VEDP,  if  above  a  certain  level,  leads  to  pulmonary  conges-
ion.  On  the  one  hand,  diuretics  are  key  to  reducing

ongestion  and  dyspnea  in  HFpEF  by  lowering  LVEDP.  On
he  other  hand,  in  the  context  of  a  stiff  ventricle,  this
ay  compromise  LV  filling,  impairing  cardiac  output  and

ausing  hypotension.56,57 This  is  why  in  HFpEF  the  win-
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ow  between  volume  overload  and  hypovolemia  is  very
arrow;  thus,  diuretics  must  be  managed  with  caution.
dditionally,  considering  the  preload  dependence  of  HFpEF,
ongestion  correction  requires  smaller  doses  of  diuretics
han  in  HFrEF.57 Despite  the  paucity  of  evidence  from  ran-
omized  controlled  trials,  diuretics  have  a  class  I  indication
or  HFpEF  treatment  in  both  the  European  and  American
uidelines.1,45

odium-glucose  co-transporter-2  inhibitors:  the
rst prognosis-modifying  drugs  for  heart  failure
ith preserved  ejection  fraction

odium-glucose  co-transporter-2  inhibitors  (SGLT2is)  were
nitially  shown  to  reduce  HF  hospitalizations  in  patients  with
ype  2  diabetes,  and  subsequently  demonstrated  a  reduc-
ion  in  HF  hospitalizations  and  cardiovascular  and  all-cause
ortality  in  HFrEF  patients.58,59

In  patients  with  HFpEF,  the  EMPEROR-Preserved60 and
ELIVER61 studies  showed  that  SGLT2is,  regardless  of  the
resence  of  diabetes,  reduced  the  combined  risk  of  cardio-
ascular  death/HF  hospitalization  (EMPEROR-Preserved)  and
he  risk  of  cardiovascular  death/worsening  HF  (DELIVER).
he  combined  results  of  these  two  studies  met  the  crite-
ia  for  a  class  I  indication,  level  of  evidence  A,  from  the
SC1 and  a II-A  recommendation  from  the  AHA/ACC/HFSA
uidelines.45 Currently,  SGLT2is  are  the  only  class  of  drugs
ith  this  level  of  indication  in  HFpEF.  All  patients  with  HFpEF

hould  be  under  an  SGLT2i  (empagliflozin  or  dapagliflozin),
nless  not  tolerated  or  contraindicated.

Several  hypothetical  mechanisms  of  action  for  SGLT2is  in
FpEF  have  been  advanced  to  explain  their  cardioprotec-
ive  role.  These  include  a  modest  direct  decrease  in  blood
ressure  and  an  increase  in  diuresis/natriuresis.  The  lat-
er  results  in  a  more  selective  reduction  in  extravascular
ather  than  intravascular  congestion.  Additional  possibilities
nclude  decreased  epicardial  fat  mass,  inflammation  pre-
ention,  reduction  of  neurohormonal  activation,  increase
n  autophagy  and  lysosomal  degradation,  decreased  oxida-
ive  stress,  and  the  prevention  of  ischemia/reperfusion
njury,  among  others.62---65 Although  the  blood  pressure-
owering  effects  of  SGLT2is  were  initially  thought  to  be
econdary  to  diuresis  and  natriuresis,  they  have  been
hown  to  persist  even  after  a  decline  in  GFR.  This
uggests  that  additional  mechanisms  of  action  (possibly
nvolving  reduced  arterial  stiffness,  changes  in  sympa-
hetic  nervous  system  activity  or  improved  endothelial
unction)  may  play  a  role  as  well.63 One  of  the  most
ecent  hypotheses  to  explain  the  effects  of  SGLT2is
n  cardiac  function  involves  the  possible  modification
f  cardiomyocyte  metabolic  pathways  induced  by  these
gents  (specifically,  the  use  of  ketogenic  metabolism
ather  than  fatty  acid  and  glucose  metabolism),  resulting
n  improved  cardiac  efficiency.63,66 It  has  been  pro-
osed  that  SGLT2  acts  as  a  nutrient  surplus  sensor,  and
o  its  inhibition  enhances  nutrient  deprivation  signaling

nd  activates  an  autophagic  flux  that  reduces  cellular
tress  and  promotes  cellular  survival.67 Another  hypothe-
is  involves  SGLT2i-induced  improvement  in  myocardial  ionic
omeostasis.63,66
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enin-angiotensin-aldosterone  system  inhibitors

enin-angiotensin-aldosterone  system  inhibitors  (RAASis)
nclude  angiotensin-converting  enzyme  inhibitors  (ACEis),
ngiotensin  receptor  blockers  (ARBs),  angiotensin  recep-
or/neprilysin  inhibitors  (ARNIs)  and  mineralocorticoid
eceptor  antagonists  (MRAs).  None  of  the  large  trials  involv-
ng  RAASis  in  HFpEF  met  the  composite  endpoint  of  reducing
ardiovascular  mortality/HF  hospitalizations.  These  include
EP-CHF  (with  perindopril),  CHARM-Preserved68 (with  can-
esartan),  PARAGON-HF69 (with  sacubitril/valsartan)  and
OPCAT70 (with  spironolactone).  Nevertheless,  although  car-
iovascular  mortality  was  not  reduced  in  the  active  arm  in
ny  of  the  above  studies,  candesartan  and  spironolactone
educed  HF  hospitalizations  and  sacubitril/valsartan  showed

 trend  with  no  statistical  significance.
The  TOPCAT  study  deserves  some  additional  comments.

 pre-specified  subgroup  analysis  suggested  that  the  pri-
ary  outcome  was  significantly  reduced  by  spironolactone  in
atients  with  elevated  natriuretic  peptide  levels  at  baseline.

 subsequent  subanalysis  restricted  to  patients  enrolled  in
orth  and  South  America  showed  a  significant  reduction

n  the  primary  composite  endpoint  (time  to  cardiovascular
eath,  aborted  cardiac  arrest,  or  hospitalization  for  mana-
ement  of  heart  failure)  in  the  intervention  arm  compared
o  placebo,  whereas  this  was  not  observed  in  the  European
ohort.71,72 It  is  noteworthy  that  among  the  Russian  cohort,  a
igher  percentage  of  participants  showed  undetectable  lev-
ls  of  canrenone  (an  active  metabolite  of  spironolactone)
ompared  to  American  and  Canadian  subjects.73

Considering  the  importance  of  vascular  and  cardiac
brosis  in  HFpEF,  it  is  plausible  that  antagonizing  the  min-
ralocorticoid  receptor  may  have  a  positive  impact  on
rognosis.74

ARNIs,  ARBs  and  MRAs  received  a  class  II-B  indication  in
he  AHA/ACC/HFSA  guidelines  for  HFpEF  patients,  with  the
isclaimer  of  higher  benefit  demonstrated  in  patients  with
VEF  closer  to  50%.1,45

Additionally,  following  the  FIDELIO-DKD  and  FIGARO-DKD
rials,  finerenone,  a  non-steroidal  MRA  with  high  binding
ffinity,  has  a  class  I  level  A  recommendation  for  the  pre-
ention  of  HF  hospitalizations  in  patients  with  albuminuric
KD  and  type  2  diabetes.75 Pre-specified  subgroup  analyses
f  these  two  studies  suggested  a  potential  beneficial  effect
f  finerenone  in  HF  patients  without  symptomatic  HFrEF.76,77

his  effect  was  recently  confirmed  in  the  FINEARTS-HF  study,
hich  included  6016  NYHA  class  II---IV  HFmrEF/HFpEF  (LVEF
40%;  LVEF  ≥60%  capped  at  20%)  patients  with  structural
ardiac  abnormalities,  NT-proBNP  ≥300  pg/ml  (≥900  pg/ml
f  AF),  K+  ≤5.0  mmol/l,  estimated  GFR  ≥25  ml/min/1.73

2,  and  on  diuretic  treatment  for  ≥30  days.  This  study
et  the  primary  endpoint  with  a  statistically  significant  and

linically  meaningful  reduction  in  the  composite  of  cardio-
ascular  death  and  total  HF  events  vs.  placebo.78,79

eta-blockers
here  is  no  prospective  evidence  of  a  positive  impact  of
eta-blockers  on  HFpEF.  Some  studies  suggest  a  deleterious
ffect,  with  a  higher  risk  of  hospitalizations.80
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reatment of heart failure with preserved
jection fraction: future avenues

erric  carboxymaltose

ron  supplementation  with  IV  administration  of  ferric  car-
oxymaltose  (FCM)  has  a  clear  beneficial  effect  on  HFrEF
atients.81,82 However,  there  are  scarce  data  on  the
otential  of  iron  supplementation  in  patients  with  HFpEF.
mall-sample  randomized  clinical  trials  and  retrospective
tudies  have  shown  that  supplementation  with  FCM  signifi-
antly  improves  cardiac  performance  of  HFpEF  patients.83,84

esults  from  the  ongoing  PREFER-HF  and  FAIR-HFpEF  trials
ay  add  evidence  on  this  subject.85,86

lucagon-like  peptide-1  receptor  agonists

lthough  they  reduce  epicardial  fat  and  inflammation,  GLP-
 receptor  agonists  pose  challenges  with  sodium  retention  in
FpEF.87 As  stated  above,  in  the  STEP-HFpEF  trial,  the  GLP-

 agonist  semaglutide  demonstrated  significant  benefits  in
on-diabetic  obese  HFpEF  patients,  including  reduced  symp-
oms,  enhanced  exercise  capacity,  and  greater  weight  loss
ompared  to  placebo  across  obesity  categories.50,51 Notably,
he  degree  of  benefit  correlated  directly  with  weight  reduc-
ion,  emphasizing  its  pivotal  role  as  a  treatment  strategy  in
he  obesity  phenotype  of  HFpEF.

etformin

etformin  reduces  epicardial  tissue  expansion  and  inflam-
ation,  as  well  as  myocardial  fibrosis.87 In  observational

tudies,  it  appeared  to  reduce  the  incidence  of  AF  and
FpEF.87

hiazolidinediones  and  dipeptidyl  peptidase-4
nhibitors

hiazolidinediones  and  dipeptidyl  peptidase-4  inhibitors
educe  epicardial  adipose  tissue  dysfunction  and  could
otentially  reduce  the  risk  of  AF  and  HFpEF.87 However,
lthough  thiazolidinediones  have  favorable  effects  on  exper-
mental  HFpEF  and  AF,  their  antinatriuretic  properties  make
hem  inappropriate  for  use  in  HFpEF  patients.87

argeting  visceral  adipose  tissue

AT  is  a  highly  active  endocrine  organ  that  secretes  cytokines
nd  other  mediators.  As  pointed  out  above,  increased  VAT
een  in  central  obesity  leads  to  epicardial  fat  expansion  and
nflammation,  a  major  step  in  the  genesis  of  HFpEF.  Thus,
argeting  VAT  may  be  a  future  approach  to  HFpEF  through
ietary,  drug  and/or  surgical  weight  loss  strategies.88
nti-inflammatory  agents

picardial  adipose  tissue  expansion  and  associated  inflam-
atory  activity  may  be  reduced  by  statins  and  anticytokine

9
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gents.87 These  agents  could,  in  theory,  thereby  reduce  the
ncidence  of  AF  and  HFpEF.87

ngoing  clinical  trials

he  ongoing  EMPA-PRED  and  ENRICH-PEF  clinical  trials  are
xpected  to  provide  further  evidence  on  HFpEF  mana-
ement.  The  EMPA-PRED  study  aims  to  assess  the  safety
nd  efficacy  of  empagliflozin  in  patients  with  end-stage
enal  disease  and  HFpEF.89 The  effects  of  enavogliflozin
n  exercise  performance,  diastolic  dysfunction,  and  qual-
ty  of  life  in  HFpEF  patients  will  be  investigated  in  the
NRICH-PEF  trial.90 Additionally,  trials  with  aldosterone  syn-
hase  inhibitors,  such  as  baxdrostat,  for  treatment-resistant
ypertension  are  ongoing.91

on-pharmacological  alternatives  under  study

trial  pacing,  atrial  shunting  and  AF  ablation  are  three
on-pharmacological  alternatives  that  are  being  studied  in
FpEF,  although  the  evidence  is  not  consistent.  In  the  RAPID-
F  trial,  atrial  pacing  increased  early  and  peak  exercise
eart  rate,  but  no  improvement  in  exercise  performance
r  quality  of  life  was  observed.92 The  CABA-HFPEF  trial  will
ssess  whether  catheter-based  AF  ablation  can  improve  car-
iovascular  outcomes  compared  to  conventional  treatment
n  these  patients.93 Lastly,  the  first  large  trial  of  an  atrial
hunt  device,  designed  to  lower  left  atrial  pressure,  pre-
ented  neutral  overall  results.  Ongoing  trials  are  expected
o  add  evidence  in  this  field.94

onclusion

orldwide  population  aging,  changes  in  lifestyle  and  the
esulting  diabesity  epidemic  are  leading  to  a  steep  increase
n  the  prevalence  of  HFpEF,  which  is  becoming  the  dominant
F  phenotype.  The  epidemiology,  pathophysiology,  diagnos-
ic  work-up  and  treatment  of  HFpEF  differ  from  HFrEF.

The  clinical  management  of  HFpEF  requires  the  involve-
ent  of  multidisciplinary  teams,  covering  hospital  and

utpatient  settings.  It  is  essential  to  address  its  multi-
le  dimensions,  from  diagnosis  to  follow-up  and  therapy,
n  order  to  reduce  morbidity  and  mortality  and  improve
atients’  functional  capacity  and  quality  of  life.

A  better  understanding  of  this  condition  can  help  develop
n  effective,  holistic  and  integrated  clinical  management  of
FpEF.  This  will  be  the  subject  of  Part  II  of  this  expert  panel
osition  paper,  which  will  address  the  burden  of  HFpEF  and
rganization  of  care,  while  proposing  a  pragmatic  approach
o  its  management.
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