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Abstract
Background  and  aims:  The  prognostic  role  of  pulse  pressure  (PP)  in  heart  failure  (HF)  patients
with preserved  left  ventricular  ejection  fraction  (LVEF)  is  not  well  understood.  Our  aim  was  to
evaluate it  in  acute  and  stable  HF.
Material  and  methods:  This  work  is  a  retrospective  observational  study  of  patients  included  in
the RICA  registry  between  2008  and  2021.  Blood  pressure  was  collected  on  admission  (decom-
pensation)  and  3  months  later  on  an  outpatient  basis  (stability).  Patients  were  categorized
according  to  whether  the  PP  was  greater  or  less  than  50  mmHg.  All-cause  mortality  was  assessed
at 1  year  after  admission.
Results:  A  total  of  2291  patients  were  included,  with  mean  age  80.1  ±  7.7  years.  62.9%  were
women and  16.7%  had  a  history  of  coronary  heart  disease.  In  the  acute  phase,  there  was  no
difference  in  mortality  according  to  PP  values,  but  in  the  stable  phase  PP  <  50  mmHg  was  inde-
all-cause  mortality  at  1-year  follow-up  (HR  1.57,  95%  CI  1.21−2.05,
or  age,  sex,  New  York  Heart  Association  functional  class,  previous
valvular  heart  disease,  cerebrovascular  disease,  score  on  the  Barthel
obin  and  sodium  levels.
pendently  associated  with  

p =  0.001),  after  adjusting  f
HF, chronic  kidney  disease,  

and Pfeiffer  scales,  hemogl
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Conclusions:  Low  stable-phase  PP  was  associated  with  increased  all-cause  mortality  in  HF
patients  with  preserved  LVEF.  However,  PP  was  not  useful  as  a  prognostic  marker  of  mortality  in
acute HF.  Further  studies  are  needed  to  assess  the  relationship  of  this  variable  with  mortality
in HF  patients.
©  2023  Published  by  Elsevier  España,  S.L.U.

PALABRAS  CLAVE
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Utilidad  pronóstica  de  la  presión  de  pulso  en  pacientes  con  insuficiencia  cardiaca  con
fracción  de  eyección  preservada:  Registro  RICA

Resumen
Antecedentes  y  objetivo:  El  papel  pronóstico  de  la  presión  de  pulso  (PP)  en  pacientes  con  insu-
ficiencia cardiaca  (IC)  con  fracción  de  eyección  de  ventrículo  izquierdo  (FEVI)  preservada  no  es
bien conocido.  Nuestro  objetivo  fue  evaluarlo  en  fases  de  descompensación  y  de  estabilidad.
Material  y  métodos:  Estudio  observacional  retrospectivo  de  pacientes  incluidos  en  registro  RICA
entre 2008  y  2021.  La  presión  arterial  se  recogió  al  ingreso  (descompensación)  y  a  los  3  meses
(estabilidad).  Se  calculó  la  PP  y  los  pacientes  se  categorizaron  según  PP  mayor/igual  vs  menor
de 50  mmHg.  Se  evaluó  la  mortalidad  por  todas  las  causas  al  año  del  ingreso.
Resultados:  Se  incluyeron  2.291  pacientes,  con  edad  media  80,1  ±  7,7  años.  El  62,9%  eran
mujeres y  un  16,7%  tenían  antecedentes  de  cardiopatía  isquémica.  En  fase  aguda,  no  hubo
diferencias  en  la  mortalidad  según  los  valores  de  PP,  pero  en  fase  estable  una  PP  <  50  mmHg  se
asoció de  forma  independiente  con  mortalidad  por  todas  las  causas  al  año  de  seguimiento  (HR
1,57, IC  95%  1,21-2,05;  p  =  0,001),  una  vez  controlado  por  edad,  sexo,  NYHA,  IC  previa,  enfer-
medad renal  crónica,  valvulopatía,  enfermedad  cerebrovascular,  Barthel,  Pfeiffer,  hemoglobina
y sodio.
Conclusiones:  Una  PP  baja  en  fase  estable  se  asoció  con  mayor  mortalidad  por  todas  las  causas
en pacientes  con  IC  con  FEVI  preservada.  Sin  embargo,  la  PP  no  demostró  ser  un  factor  pronóstico
en fase  de  descompensación.  Se  necesitan  más  estudios  que  valoren  la  relación  de  esta  variable
con la  mortalidad  en  los  pacientes  con  IC.
© 2023  Publicado  por  Elsevier  España,  S.L.U.
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participate  in  the  study,  or  death  during  the  index  admis-
ntroduction

eart  failure  (HF)  is  the  leading  cause  of  hospitalization  in
ndividuals  older  than  65  years.1 Although  its  prognosis  has
mproved  in  recent  years,  it  continues  to  be  associated  with
igh  morbidity  and  mortality.  Therefore,  it  is  important  to
etermine  factors  that  help  identify  patients  with  a  worse
rognosis.  This  is  especially  relevant  in  HF  with  preserved
eft  ventricular  ejection  fraction  (pLVEF),  a  population  on
hich  there  are  fewer  studies.

Pulse  pressure  (PP),  defined  as  the  difference  between
ystolic  blood  pressure  (SBP)  and  diastolic  blood  pressure
DBP),  is  an  easy  measurement  to  determine.  High  PP  is
elated  to  increased  arterial  stiffness,  greater  cardiovascu-
ar  mortality,  and  onset  of  HF.  On  the  other  hand,  a  low
P  seems  to  reflect  a  decrease  in  systolic  volume.2---6 How-
ver,  the  prognostic  role  of  PP  in  HF  is  complex.  Studies
rovide  data  depending  on  the  left  ventricular  ejection  frac-
ion  (LVEF)  spectrum.  In  patients  with  HF  with  reduced  LVEF
HFrEF),  previous  studies  have  observed  greater  mortality

2---6
ssociated  with  a  low  PP whereas  in  patients  with  HF  with
LVEF,  the  data  are  less  consistent.2---4,7,8 The  ideal  PP  cut-off
oint  for  predicting  mortality  either  in  the  decompensation
hase  or  in  stable  condition  is  also  not  clear.

s
o
m

23
This  study  aims  to  assess  the  prognostic  value  of  PP  with
 cut-off  point  of  50  mmHg,  analyzing  the  outcome  variable
f  all-cause  mortality  in  patients  with  HFpEF  in  both  the
cute  and  stable  phases  included  in  a  real-world  registry
RICA  Registry).

aterials and methods

tudy  population

his  work  is  a retrospective  study  of  data  from  the  National
eart  Failure  Registry  (RICA,  for  its  initials  in  Spanish)  con-
ucted  by  the  Heart  Failure  and  Atrial  Fibrillation  Working
roup  of  the  Spanish  Society  of  Internal  Medicine.  The  RICA
egistry  is  a prospective,  multicenter,  nation-wide  registry
hat  included  patients  older  than  50  years  hospitalized  for
F  according  to  European  Society  of  Cardiology  criteria  from
2  hospitals  between  2008  and  2021.  The  exclusion  criteria
ere  HF  secondary  to  pulmonary  hypertension,  refusing  to
ion.  After  discharge,  the  patients  were  followed-up  on  as
utpatients  at  three  months  and  one  year  and  data  on  read-
issions  and  all-cause  mortality  were  recorded.
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The  study  was  conducted  according  to  the  Declaration
f  Helsinki  and  was  approved  by  Reina  Sofía  University  Hos-
ital  ethics  committee  (Córdoba,  Spain).  All  participating
atients  signed  an  informed  consent  form.

ariables

escriptive  data  such  as  age,  sex,  comorbidities,  and  New
ork  Heart  Association  (NYHA)  functional  class  in  the  pre-
ious  month  were  collected  upon  inclusion.  SBP  and  DBP
ere  gathered  at  the  index  admission  when  the  patient  was
ecompensated  (first  value  recorded  in  the  admission)  and
t  three  months  when  the  patient  was  in  stable  condition.
ith  these  values,  the  PP  was  calculated.
Previously,  the  literature  was  reviewed  to  determine

he  PP  cut-off  point  with  the  greatest  prognostic  yield.
lthough  there  is  variability  among  different  works,  the
reat  majority  of  studies  showed  that  the  cut-off  point
ith  the  greatest  prognostic  value  was  around  50  mmHg.2---4

herefore,  the  population  in  this  work  was  categorized
ccording  to  whether  the  PP  value  was  lesser  than  or  greater
han/equal  to  said  value.  Pfeiffer’s  Short  Portable  Mental
tatus  Questionnaire  and  Barthel  Index  were  calculated  for
atients  upon  inclusion.  Laboratory  tests  were  performed  in
he  first  48  h  of  admission.  Given  that  some  hospitals  deter-
ined  NT-proBNP  and  others  measured  BNP,  patients’  results
ere  analyzed  in  three  groups:  one  included  patients  with
n  NT-proBNP  value  greater  than  1800  pg/mL  or  BNP  above
00  pg/mL,  another  included  patients  with  values  below  the
forementioned  cut-off  points,  and  a  third  included  patients
ithout  a  peptide  determination.9 The  glomerular  filtration

ate  (eGFR)  was  estimated  using  the  Modification  of  Diet
n  Renal  Disease  (MDRD-4)  formula.  A  patient  was  consid-
red  to  have  chronic  kidney  disease  (CKD)  if  they  had  eGFR
60  mL/min/1.73  m2 at  least  three  months  prior  to  admis-
ion.  LVEF  was  determined  by  echocardiogram.  Patients  with
VEF  ≥  50%  and  diagnostic  criteria  of  HF  with  pLVEF  accord-
ng  to  the  current  European  Society  of  Cardiology  Guidelines
or  the  diagnosis  and  treatment  of  acute  and  chronic  heart
ailure  for  each  data  collection  period  were  included.10---13

he  dependent  variable  (outcome  measure)  was  all-cause
ortality  at  one  year  of  follow-up.

tatistical  analysis

ariables  were  expressed  as  means  (standard  deviation),
edians  (interquartile  range),  and  frequencies  (percent-

ge).  Categorical  variables  were  compared  using  the
hi-square  test.  Continuous  variables  were  compared  using
tudent’s  t-test  if  they  followed  a  normal  distribution  or
he  non-parametric  Mann---Whitney  U  test  Kaplan---Meier
urves  (with  log-rank)  were  used  to  evaluate  the  impact
f  PP  on  mortality.  Two  analyses  were  performed:  one  in
atients  with  acute  HF  (decompensation)  and  another  at
hree  months  of  admission  (stable).  Lastly,  a  mortality  anal-
sis  was  conducted  via  a  univariate  and  multivariate  Cox
egression  (forward  stepwise  selection  method),  evaluat-

ng  each  variable’s  relationship  to  mortality.  All  variables
hat  were  statistically  significant  (p  <  0.05)  in  the  univariable
nalysis  were  included  in  the  multivariable  model.  Natri-
retic  peptides  were  not  able  to  be  included  because  there
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Figure  1  Flow  chart  of  patients  included  in  the  study.

ere  many  missing  values.  The  statistical  study  was  con-
ucted  using  the  IBM  SPSS  Statistics  for  Windows  package,
ersion  26.0,  Armonk,  NY:  IBM  Corp,  licensed  by  the  Univer-
ity  of  Seville.

esults

f  the  3717  patients  included  in  the  RICA  registry  who
ere  followed-up  on  for  one  year,  2291  (61.6%)  had  pLVEF.
f  them,  192  were  lost  to  follow-up  or  died  before  three
onths  and  251  did  not  have  blood  pressure  data.  These  443
atients  who  were  excluded  were  older  (81.2  ±  7.9  years);
ore  had  a  medical  history  of  previous  AMI  (22.6%),  CKD

44.9%),  and  dyslipidemia  (57.1%);  and  fewer  had  valvu-
ar  disease  (59.8%).  They  also  had  a  greater  degree  of
ependence  (Barthel  <60  points  23.7%),  lower  hemoglobin
11.5  ±  2.1  g/dl)  and  sodium  levels  (138  ±  5.5  mEq/L),  and
igher  potassium  (4.5  ±  0.6  mEq/L)  and  NT-proBNP  levels
median  3758  (1772---8690)  pg/mL)  compared  to  the  patients
ncluded  in  the  stable  phase,  which  were  1848  (Fig.  1).

aseline  characteristics  of  patients  in  the  acute
hase
able  1  shows  the  characteristics  of  patients  according  to
P  values  in  the  acute  phase.  The  PP  ≥  50  mmHg  group  had

 greater  proportion  of  patients  with  hypertension,  dia-
etes  mellitus,  dyslipidemia,  and  CKD  and  higher  SBP  values

3
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Table  1  Characteristics  of  the  study  population  in  the  acute  phase  according  to  pulse  pressure  values.

Total  population
(n  =  2291)

PP  <  50  mmHg
(n =  527,  23%)

PP  ≥  50  mmHg
(n =  1,764,  77%)

p

Demographic  and  examination  data
Age,  years  80.1  ±  7.7  79.7  ±  8.4  80.2  ±  7.5  0.23
Women (%)  1441  (62.9)  319  (60.5)  1122  (63.6)  0.20
SBP, mmHg  140.5  ±  27.2  114.5  ±  16.4  148.2  ±  24.9  <0.001
DBP, mmHg  75.2  ±  16.2  75.6  ±  15.4  75.1  ±  16.4  0.49
Baseline PP,  mmHg  65.3  ±  22.0  38.9  ±  7.93  73.2  ±  18.4  <0.001

Heart disease
Prior  AMI 382  (16.7) 79  (15.0) 303  (17.2) 0.24
Valvular heart  disease 812  (35.4) 196  (37.2) 616  (34.9) 0.34
Prior heart  failure 1395  (60.9) 310  (58.8) 1085  (61.5) 0.27

Other comorbidities
Diabetes  mellitus  1039  (45.3)  183  (34.7)  856  (48.5)  <0.001
Hypertension  2045  (89.3)  441  (83.7)  1604  (90.9)  <0.001
Dyslipidemia  1147  (50.1)  240  (45.5)  907  (51.4)  0.02
Cerebrovascular  disease  296  (12.9)  59  (11.2)  237  (13.4)  0.18
Chronic kidney  disease  777  (33.9)  140  (26.6)  637  (36.1)  <0.001

Electrocardiogram
Sinus rhythm  759  (33.1)  114  (21.6)  645  (36.6)  <0.001
Atrial fibrillation/flutter  1372  (59.9)  381  (72.3)  991  (56.2)  <0.001

Functional evaluation
Prior  NYHA  functional  class  III-IV  798  (34.8)  200  (37.9)  598  (33.9)  0.08
Barthel <60  points  341  (14.9)  80  (15.2)  261  (14.8)  0.83
Pfeiffer >2  errors  718  (31.3)  172  (32.6)  546  (30.9)  0.46

Laboratory tests
Hemoglobin,  mg/dl  11.9  ±  2.1  12.3  ±  1.9  11.7  ±  2.0  <0.001
Creatinine, mg/dl 1.30  ±  0.7  1.36  ±  0.7  1.31  ±  0.7  0.20
Sodium, mEq/L  138.9  ±  4.9  138.6  ±  4.9  138.9  ±  4.9  0.33
Potassium, mEq/L 4.3  ±  0.6  4.2  ±  0.5  4.3  ±  0.6  0.02
NT-proBNP, median  (pg/mL) 2926  (1370−6335) 3577  (1642−7249)  2710  (1302−5995)  0.01
Low natriuretic  peptides 459  (20.0) 90  (17.1) 369  (20.9)  0.01
High natriuretic  peptides 887  (38.7) 237  (45.0)  650  (36.8)
No peptides 943  (41.2) 200  (37.9) 743  (42.3)

Follow-up
Readmissions  at  one  year  962  (42.0)  218  (41.4)  744  (42.2)  0.74
Mortality at  one  year  489  (21.3)  124  (23.5)  365  (20.7)  0.17

The qualitative data are shown as frequencies and percentages, n (%). The quantitative data are shown as means (standard deviation)
or median (interquartile range).
AMI: acute myocardial infarction; NT-proBNP: N-terminal prohormone of brain natriuretic peptide; NYHA: New York Heart Association;
DBP: diastolic blood pressure; SBP: systolic blood pressure; PP: pulse pressure.
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emoglobin  figures  were  lower  in  this  group  and  there  were
ore  patients  with  sinus  rhythm.

ffect  of  PP  on  mortality  on  patients  with  HFpEF  in
he acute  phase

t  one  year  of  follow-up,  489  patients  (21.3%)  had  died.  In
he  univariable  analysis  of  the  acute  phase,  PP  <  50  mmHg
as  not  related  to  one-year  mortality  and  therefore  not
ncluded  into  the  multivariable  model.  In  the  multivari-
ble  model,  age,  sex,  presence  of  prior  HF,  CKD,  NYHA,
core  <60  on  the  Barthel  index,  more  than  two  errors
n  the  Pfeiffer  scale,  and  potassium  figures  were  demon-
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trated  to  be  independent  prognostic  factors  of  mortality
Table  2).

Fig.  1S  (supplementary  material)  shows  survival  curves
ccording  to  PP  <  50  vs  >50  mmHg  in  the  acute  phase.  In
atients  with  acute  HF,  there  were  no  differences  in  mor-
ality  according  to  PP  values  (log-rank  0.116).

haracteristics  of  patients  in  the  acute  phase

able  3 describes  the  characteristics  of  patients  upon  follow-

p  at  three  months.  Patients  with  PP  ≥  50  mmHg  had  more
ardiovascular  risk  factors  (hypertension,  diabetes,  dyslipi-
emia,  etc.)  and  comorbidities  such  as  CKD.  As  in  the  acute
hase,  they  had  lower  levels  of  hemoglobin  and  natriuretic

4



Revista  Clínica  Española  223  (2023)  231---239

Table  2  Predictors  of  mortality  at  12  months  of  hospitalization  in  patients  with  acute  HF.

Univariate  Multivariate

HR  (95%  CI) p  HR  (95%  CI)  p

Demographic  and  examination  data
Age  1.04  (1.03−1.05)  <0.001  1.03  (1.01−1.04)  0.01
Female sex  0.81  (0.68−0.97)  0.03  0.64  (0.53−0.78)  0.001
PP <  50  mmHg  in  the  acute  phase  1.18  (0.96−1.44)  0.12

Heart disease
Prior  AMI 1.14  (0.91−1.44) 0.25
Valvular  heart  disease 1.40  (1.17−1.68) <0.001  1.19  (0.98−1.44) 0.08
Prior heart  failure 1.76  (1.44−2.14) <0.001  1.29  (1.04−1.60) 0.02

Other comorbidities
Diabetes  mellitus  1.06  (0.88−1.26)  0.54
Hypertension  0.94  (0.71−1.25)  0.68
Dyslipidemia  1.13  (0.95−1.35) 0.17
Cerebrovascular  disease 1.23  (0.96−1.57) 0.10
Chronic  kidney  disease 1.89  (1.58−2.26) <0.001  1.54  (1.27−1.88)  <0.001

Electrocardiogram
Sinus rhythm 0.78  (0.64−0.95) 0.02  1.17  (0.96−1.43)  0.13
Atrial fibrillation/flutter 1.07  (0.90−1.29) 0.44

Functional  evaluation
Prior  NYHA  functional  class  III-IV 1.78  (1.49−2.13) <0.001  1.46  (1.21−1.76) <0.001
Barthel <60  points  2.50  (2.05−3.06)  <0.001  1.98  (1.59−2.47)  <0.001
Pfeiffer >  2  errors  1.74  (1.46−2.09)  <0.001  1.38  (1.13−1.68)  0.01

Laboratory tests
Hemoglobin,  mg/dl  0.90  (0.86−0.94)  <0.001  0.96  (0.91−1.01)  0.08
Sodium, mEq/L  0.98  (0.97−1.00)  0.04  0.99  (0.97−1.01)  0.44
Potassium, mEq/L  1.31  (1.15−1.31)  <0.001  1.18  (1.02−1.37)  0.03

HR: hazard ratio; AMI: acute myocardial infarction; CI: confidence interval; NYHA: New York Heart Association; PP: pulse pressure.
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eptides.  Potassium  levels  were  also  higher  in  the  greater
P  group.

ffect  of  PP  on  mortality  in  patients  with  HFpEF  in
he stable  phase

n  the  stable  phase,  after  performing  the  multivariable
nalysis,  the  independent  variables  predictive  of  mortality
ere  age,  male  sex,  CKD,  score  <60  points  on  the  Barthel

cale,  NYHA,  and  PP  <  50  mmHg  (HR  1.57;  95  %CI  1.21−2.05)
Table  4).

In the  stable  phase,  significantly  more  patients  with
P  <  50  mmHg  died  at  one  year  than  those  with  PP  ≥  50  mmHg
log-rank  <0.001)  (Fig.  2S).

iscussion

his  work  aimed  to  determine  the  prognostic  value  of  PP
n  patients  with  HFpEF  in  the  decompensated  and  stable
hases.  In  the  acute  phase,  PP  did  not  demonstrate  value  as

 prognostic  marker,  but  in  the  stable  phase,  PP  <  50  mmHg
as  independently  associated  with  all-cause  mortality  at

ne  year  of  follow-up.

The  main  strength  of  our  study  is  that  it  is  a  real-life
egistry  of  a  large  number  of  patients  with  HFpEF  who  have
een  admitted  for  decompensation  on  at  least  one  occa-
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ion.  Therefore,  it  is  representative  of  patients  who  are
sually  treated  in  internal  medicine  departments.  However,
he  results  also  have  some  limitations.  First,  it  is  a  retrospec-
ive  study.  Second,  recruitment  took  place  between  2008
nd  2021  and  there  are  patients  who  were  not  able  to  be
reated  with  the  disease-modifying  drugs  that  have  become
vailable  in  recent  years.  Third,  only  patients  older  than  50
ears  in  functional  class  II-IV  were  included.  Therefore,  the
esults  are  not  able  to  be  extrapolated  to  patients  who  do
ot  have  these  characteristics.  Between  the  acute  and  sta-
le  phases,  there  was  a  significant  loss  of  patients  who  had  a
ore  unfavorable  profile.  What’s  more,  natriuretic  peptide
gures,  a known  prognostic  marker  of  HF,  were  not  able  to
e  included  in  the  univariable  and  multivariable  analyses
ecause  these  values  were  missing  for  many  patients.  Log-
cally,  these  limitations  could  have  introduced  bias  in  the
tudy.

PP  fundamentally  depends  on  systolic  volume  and  the
lastic  properties  of  the  arterial  wall.  Arterial  stiffness
ncreases  with  age  and  begins  to  rise  starting  in  the  fifth
ecade  of  life.14,15 This  increase  in  stiffness  translates  into
reater  SBP  and,  to  a  lesser  extent,  a  decrease  in  DBP,  which
eads  to  greater  PP  values.7
A  low  PP  seems  to  reflect  a  decrease  in  systolic
olume.1---3 Different  studies  have  highlighted  this  rela-
ionship  in  patients  with  HF.  Ferreira  et  al.  conducted

 retrospective  study  of  914  decompensated  patients
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Table  3  Characteristics  of  the  study  population  in  the  stable  phase  according  to  pulse  pressure  values.

Total  population
(n  =  1848,  100)

PP  <  50  mmHg
(n =  465,  25.2%)

PP  ≥  50  mmHg
(n =  1,383,  74.8%)

p

Demographic  and  examination  data
Age,  years  79.8  ±  7.7  80.1  ±  8.1  79.7  ±  7.5  0.31
Women (%)  1152  (62.3)  278  (59.8)  874  (63.2)  0.19
SBP, mmHg  132.4  ±  20.6  112.4  ±  13.5  139.0  ±  18.2  <0.001
DBP, mmHg  72.0  ±  12.2  73.1  ±  12.2  71.6  ±  12.2  0.02
PP in  the  stable  phase,  mmHg  60.4  ±  18.0  39.4  ±  6.6  67.4  ±  14.9  <0.001

Heart diseases
Prior  AMI 282  (15.3) 56  (12.0) 226  (16.3) 0.03
Valvular heart  disease 634  (34.3) 171  (36.8) 463  (33.5) 0.19
Prior heart  failure 1108  (60.0) 282  (60.6) 826  (59.7) 0.72

Other comorbidities
Diabetes  mellitus  832  (45.0)  163  (35.1)  669  (48.4)  <0.001
Hypertension  1646  (89.1)  386  (83.0)  1260  (91.1)  <0.001
Dyslipidemia  894  (48.4)  197  (42.4)  697  (50.4)  0.01
Cerebrovascular  disease  249  (13.5)  64  (13.8)  185  (13.4)  0.83
Chronic kidney  disease  578  (31.3)  119  (25.6)  459  (33.2)  0.01

Electrocardiogram
Sinus rhythm  620  (33.8)  102  (22.2)  518  (37.7)  <0.001
Atrial fibrillation/flutter  1098  (59.9)  335  (72.8)  763  (55.6)  <0.001

Functional evaluation
Prior  NYHA  functional  class  III-IV  627  (34.1)  178  (38.5)  449  (32.6)  0.02
Barthel <60  points  236  (12.8)  74  (15.9)  162  (11.7)  0.02
Pfeiffer >  2  errors  564  (30.5)  154  (33.1)  410  (29.6)  0.16

Laboratory tests
Hemoglobin,  mg/dl  12.3  ±  1.7  12.6  ±  1.8  12.3  ±  1.7  0.01
Creatinine, mg/dl 1.28  ±  0.6  1.26  ±  0.5  1.29  ±  0.6  0.24
Sodium, mEq/L  139.9  ±  4.0  140.1  ±  3.9  139.8  ±  4.1  0.21
Potassium, mEq/L 4.5  ±  0.6  4.5  ±  0.6  4.5  ±  0.6  0.59
NT-proBNP, median  (pg/mL) 1484  (703−3206) 1851  (832−3599)  1332  (624−2995)  0.03
Low natriuretic  peptides 391  (21.1) 92  (19.7) 299  (21.6)  0.02
High natriuretic  peptides 256  (13.9) 84  (18.1)  172  (12.5)
No peptides 1201  (65.0) 289  (62.2) 912  (65.9)

Follow-up
Readmission  at  9  months  777  (42.6)  198  (42.4)  574  (41.9)  0.79
Mortality at  9  months  253  (13.7)  87  (18.7)  166  (12.0)  <0.001

The qualitative data are shown as frequencies and percentages, n (%). The quantitative data are shown as means (standard deviation)
or median (interquartile range).
AMI: acute myocardial infarction; NT-proBNP: N-terminal prohormone of brain natriuretic peptide; NYHA: New York Heart Association;
DBP: diastolic blood pressure; SBP: systolic blood pressure; PP: pulse pressure.
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On  their  part,  Tokitsu  et  al.  observed  a  relationship  on
ith  advanced  HF  (NYHA  III-IV),  observing  that  those
ith  PP  <  40  mmHg  had  lower  LVEF  values.14 Said  systolic
ysfunction  translated  into  a  decreased  systolic  volume,
avoring  a  lower  SBP  and,  therefore,  lower  PP  values.  These
esults  confirm  what  was  previously  observed  by  Voors
t  al.16 However,  a  lower  systolic  volume  may  not  only  be
inked  to  reduced  LVEF,  it  can  also  be  found  in  patients  with
FpEF,  valvular  disease,  or  severe  diastolic  dysfunction.17

The  results  of  previous  studies  on  PP  as  a  prognostic
arker  in  patients  with  HF  vary  according  to  the  patients’

haracteristics  and  clinical  situation.  In  HFrEF,  greater  mor-

ality  has  been  described  among  patients  with  a  low  PP,
bserving  a  direct  relationship  between  lower  PP  values  and
ower  systolic  volume.2---6 Few  studies  have  demonstrated  an

t
H
w

23
ssociation  between  elevated  PP  in  patients  with  HFrEF  and
reater  mortality.3,5,6

In  studies  on  patients  with  HFpEF,  the  results  are  dis-
arate.  Some  describe  a greater  risk  of  adverse  events  in
atients  with  elevated  PP  in  acute  condition,3 with  similar
esults  observed  in  patients  in  stable  condition  in  a  recently
ublished  subanalysis  of  the  PARAGON-HF  trial.18 On  the
ontrary,  the  SWEDEHF  study,4 like  this  work,  analyzed
atients  in  acute  and  stable  condition  and  found  that
resence  of  a  low  PP  was  related  to  a  worse  prognosis.4
he  U  curve  between  PP  and  cardiovascular  events  and
F-associated  events;  they  found  greater  rate  of  events
ith  low  PP  (<44  mmHg)  and  elevated  PP  (>75  mmHg).7 In

6
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Table  4  Predictors  of  mortality  at  12  months  in  patients  with  stable  HF.

Univariate  Multivariate

HR  (95%  CI)  p  HR  (95%  CI)  p

Demographic  and  examination  data
Age  1.03  (1.01−1.04)  <0.001  1.02  (1.00−1.04)  0.03
Female sex  0.68  (0.54−0.86)  0.01  0.62  (0.48−0.80)  <0.001
PP <  50  mmHg  1.62  (1.25−2.11)  <0.001  1.57  (1.21−2.05)  0.01

Heart disease
Prior  AMI 1.14  (0.85−1.53) 0.39
Valvular  heart  disease 1.30  (1.03−1.64) 0.03  0.95  (0.73−1.24) 0.72
Prior heart  failure 1.95  (1.50−2.52) <0.001  1.65  (1.22−2.23) <0.001

Other comorbidities
Diabetes  mellitus  1.04  (0.83−1.31)  0.75
Hypertension  0.95  (0.67−1.38)  0.82
Dyslipidemia  1.09  (0.87−1.37) 0.44
Cerebrovascular  disease 1.42  (1.05−1.91) 0.03  1.18  (0.85−1.63)  0.34
Chronic kidney  disease 1.69  (1.34−2.12) <0.001  1.40  (1.07−1.81)  0.02

Electrocardiogram
Sinus rhythm 0.82  (0.64−1.05) 0.11
Atrial  fibrillation/flutter 1.03  (0.82−1.29) 0.82

Functional  evaluation
Prior  NYHA  functional  class  III-IV 1.58  (1.25−1.98) <0.001  1.38  (1.07−1.78) 0.02
Barthel <60  points  2.27  (1.74−2.96)  <0.001  1.82  (1.32−2.49)  <0.001
Pfeiffer >  2  errors  1.47  (1.16−1.85)  0.01  1.20  (0.92−1.58)  0.18

Laboratory tests
Hemoglobin,  mg/dl  0.79  (0.74−0.84)  <0.001  0.95  (0.890−1.01)  0.12
Glucose, mg/dl
Sodium,  mEq/L  0.93  (0.97−1.000)  <0.001  0.99  (0.97−1.02)  0.64
Potassium, mEq/L  0.95  (0.77−1.17)  0.64

HR: hazard ratio; AMI: acute myocardial infarction; CI: confidence interval; NYHA: New York Heart Association; PP: pulse pressure.

t
s
v
f

p
p
a
n

H
a
o
p
w
t
i
H
P
t
w

i
b

v
f
i
s
a
r
n

a
S
a
P
S
p

t
d
m
i
b

he  MAGGIC  study,  the  PP  was  measured  in  either  acute  or
table  condition,  without  later  distinguishing  the  prognostic
alue  of  PP  in  each  of  these  situations;  no  relationship  was
ound  between  mortality  and  PP.

Of  note  in  the  RICA  Registry  are  a  high  proportion  of
atients  with  HFpEF,  patients  who  are  older,  and  female
atients  as  well  as  a  greater  prevalence  of  hypertension,
trial  fibrillation,  and  CKD  and  a  lower  probability  of  coro-
ary  disease.

When  comparing  the  characteristics  of  patients  with
FpEF  with  the  studies,  the  patients  included  in  this  study
re  more  similar  to  those  included  in  GWTG-HF,3 as  they  are
lder  and  have  more  comorbidities.  One-year  mortality  in
atients  with  HFpEF  in  GWTG-HF3 was  higher  (31.8%)  than
hat  was  observed  in  this  study  (21.3%)  as  well  as  compared

o  the  MAGGIC,  SWEDEHF,  and  PARAGON-HF  studies.  This
ncrease  in  mortality  could  be  due  to  the  fact  that  GWTG-
F3 analyzed  patients  only  during  hospitalization,  measuring
P  at  the  time  of  discharge,  while  in  this  study  and  in
he  MAGGIC2,  SWEDHF,4 and  PARAGON-HF  studies,18 patients

ere  analyzed  both  in  the  acute  and  stable  phases.

In  addition  to  LVEF,  there  are  other  factors  that  may
nfluence  the  prognostic  value  of  PP,  such  as  the  patient’s
aseline  condition.  In  the  SAVE19 and  SOLVD  studies,20 ele-
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ated  PP  was  demonstrated  to  be  a  negative  prognostic
actor  in  patients  with  asymptomatic  or  mild  HF,  with  the
ncrease  in  PP  values  being  attributed  to  greater  arterial
tiffness  and  arteriosclerosis  and  thus  a  worse  prognosis.  In
ddition,  in  patients  with  advanced  HF,  lower  PP  values  are
elated  to  a  lower  systolic  volume  and  are  linked  to  a  greater
umber  of  adverse  events.14

One  possible  explanation  of  this  study’s  results  in  the
cute  phase  is  that  hemodynamic  abnormalities  that  affect
BP  and  DBP  during  the  decompensation  phase  would  not
llow  for  adequately  evaluating  PP.  It  is  likely  that  a
P  <  50  mmHg  in  the  stable  phase  implies  established  lower
BP  values  or  a  lower  systolic  volume;  these  are  markers  of
oor  prognosis  in  patients  with  HF.

In  regard  to  the  external  validity  of  this  study,  the  fact
hat  it  was  conducted  in  real-world  patients  hospitalized
ue  to  decompensated  HF  in  internal  medicine  departments
akes  it  representative  of  patients  who  are  usually  treated

n  this  setting.  Therefore,  these  results  would  be  applica-
le  for  this  type  of  patients,  but  caution  should  be  taken
hen  extrapolating  it  to  other  populations.  Future  lines  of

esearch  in  this  field  include  attempting  to  validate  these

ata  in  other  types  of  patients,  such  as  those  cared  for  in
ardiology  or  emergency  departments.
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onclusions

n  patients  with  HFpEF  drawn  from  a  real-world  registry,  low
P  (<50  mmHg)  measured  in  the  stable  phase  was  related
o  greater  all-cause  mortality  at  one  year  of  follow-up.  PP
uring  the  decompensation  phase  of  HF  was  not  shown  to  be

 prognostic  factor.

unding

he  RICA  Registry  belongs  to  the  Spanish  Society  of  Internal
edicine  and  is  led  by  the  Heart  Failure  and  Atrial  Fibrilla-

ion  Working  Group.  This  study  has  not  received  any  funding
rom  public  or  private  entities.
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