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Abstract
Background:  Pulmonary  arterial  hypertension  (PAH)  is  a  progressive,  fatal  disease.  Long-term
outcomes data  are  scarce  in  Portugal.  We  aimed  to  estimate  survival  of  newly  diagnosed  PAH
at a  Portuguese  referral  center  in  the  modern  management  era.
Methods:  Between  January  2009  and  November  2015  all  incident  PAH  cases  were  consecutively
enrolled in  a  prospective  cohort  study.  Sixty-five  patients  were  followed  up  for  a  median  of  3.1
[interquartile  range  1.7---5.4]  years.  Kaplan---Meier  survival  analysis  was  used  to  estimate  1-,  3-,
and 5-year  survival  and  to  compare  it  with  a  historical  PAH  survival  estimated  from  the  NIH
cohort.
Results: Mean  age  was  48  ±  19  years  with  female  preponderance  (68%).  The  most  common
PAH subgroup  was  congenital  heart  disease  (PAH-CHD)  (n  =  31;  48%),  followed  by  connective
tissue disease  (PAH-CTD)  (n  =  16;  25%),  idiopathic  (IPAH)  (n  =  8;  12%)  and  hereditary  (HPAP)  (n  =  1;
1.5%). BNP  values  (hazard  ratio  [HR]  2.07;  95%CI  1.34---3.22;  P  =  0.001)  and  male  gender  [HR  4.34
(1.44---13.09);  P  =  0.009]  were  predictors  of  death.  Survival  rates  at  1-,  3-  and  5-years  were  95%,
77% and  71%.  Survival  was  not  statistically  different  between  PAH  etiologies  (Log-rank  P  =  0.7).
However,  PAH-CHD  was  associated  with  a  decreased  risk  of  the  combined  endpoint  of  all-cause
mortality  and  admission  for  decompensated  heart  failure  [HR  0.36  (0.15---0.85);  P  =  0.02].  We
found a  non-significant  numerically  higher  survival  of  incident  IPAH,  HPAH  and  DPAH  patients  in
comparison  with  the  historical  NIH  cohort.
Conclusions:  In  this  cohort  of  incident  PAH  patients,  PAH-CHD  patients  had  better  overall  prog-
nosis. Higher  BNP  values  and  male  gender  were  associated  with  higher  mortality.
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Long-term  survival  of  patients  with  pulmonary  hypertension

Introduction

Pulmonary  arterial  hypertension  (PAH)  is  a  progressive,
symptomatic,  and  ultimately  fatal  disorder  that  involves
the  lung  vasculature.1 Vascular  proliferation  and  remodel-
ing  constitute  the  hallmark  of  the  disease,  leading  to  a
progressive  increase  in  pulmonary  vascular  resistance,  right
ventricular  afterload  and  ultimately  right  heart  failure.2

PAH  is  clinically  divided  into  several  groups:  idiopathic
(IPAH),  hereditable  (HPAH),  drug-related  (DPAH),  congeni-
tal  heart  disease-associated  (PAH-CHD),  connective  tissue
disease-associated  (PAH-CTD),  portopulmonary  (PoPH)  and
associated  to  infections,  such  as  HIV  or  schistosomiasis.3

Pulmonary  capillary  hemangiomatosis  (PCH)  and  pulmonary
veno-occlusive  disease  (PVOD),  a  spectrum  of  diseases
involving  the  capillaries  and  venules,  are  included  in  a
separate  group  (1′)  within  the  PAH  group.3 PAH  is  a  very
rare  disease  with  an  estimated  incidence  of  1---3  cases  per
million.4 The  population-based  prevalence  ranges  from  15
to  50  per  1  million.5,6

Substantial  advances  in  treatment  have  been  made  dur-
ing  the  past  decade.4,7,8 In  the  late  1980s,  the  National
Institutes  of  Health  (NIH)  registry  was  the  first  to  evaluate
the  epidemiology  of  IPAH,  HPAH  and  DPAH  during  an  era  lack-
ing  specific  PAH  therapies.9 The  survival  rates  reported  at
1-,  3-  and  5-  years  were  68%,  47%  and  37%,  respectively.10 In
the  modern  management  era,  several  registry-based  stud-
ies  have  reported  an  improved  survival,  compared  with  the
historical  NIH  registry.11

In  Portugal,  PAH  care  delivery  is  provided  by  4  treat-
ment  centers  designated  by  the  Ministry  of  Health.  Although
retrospective12 and  prospective13 short-term  outcomes  stud-
ies  are  available  for  Portuguese  cohorts,  long-term  outcomes
data  are  scarce,  specifically  in  relation  to  incident  patients,
a  critical  issue  to  prevent  immortal-time  bias.11 Therefore,
we  aimed  to  characterize  and  estimate  survival  in  the  mod-
ern  management,  guideline-driven  treatment  era  of  newly
diagnosed,  incident  PAH  patients14 in  a  Portuguese  treat-
ment  center.

Methods

Between  January  2009  and  November  2015,  all  incident
patients  diagnosed  with  PAH  were  consecutively  enrolled
in  our  registry  at  the  Pulmonary  Vascular  Unit  of  Centro
Hospitalar  e  Universitário  de  Coimbra.  Patients  from  local
hospitals  from  the  central  region  of  Portugal,  with  a  referral
population  of  ca.  2.5  million,  are  referred  to  our  center  to
undergo  diagnostic  workup  and  initiate  specific  therapy.  We
followed  the  Declaration  of  Helsinki  (2008)  principles,  with
local  research  ethic  committee  approval.

Study  design

We  designed  a  single-center,  prospective  cohort  study
based  on  incident  cases  of  PAH.  PAH  was  defined  as  per
guidelines14:  right  heart  catheterization  (RHC)-confirmed

precapillary  pulmonary  hypertension  (PH)  in  the  absence
of  other  etiologies  for  PH  (left  heart  disease,  lung  dis-
ease,  chronic  thromboembolic  PH).  Precapillary  PH  was
defined  as  a  mean  pulmonary  arterial  pressure  (mPAP)  of
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25  mmHg  and  a  pulmonary  arterial  occlusion  pressure
PAOP)  of  ≤15  mmHg.  PAH  was  classified  into  six  different
roups  based  on  etiology,  based  on  the  latest  guidelines14:
PAH,  HPAH,  DPAH,  PAH-CHD,  PAH-CTD,  PoPH,  and  PVOD
group  1′).  Patients  were  ineligible  if  they  were  aged  under
8  years  at  enrollment.

For  purposes  of  analysis,  we  divided  the  groups  into  two
ajor  diagnostic  subgroups:  PAH-CHD  patients  (Eisenmenger

yndrome  in  non-corrected  systemic  to  pulmonary  shunts
nd  PAH  after  shunt  correction)  and  non-PAH-CHD  patients
IPAH,  HPAH,  DPAH,  PAH-CTD  and  PoPH).  IPAH,  HPAP  and
PAH  were  combined  into  one  group  to  simplify  survival  anal-
sis.  We  also  stratified  the  population  according  to  age  and
ender  to  perform  subgroup  survival  analysis.

We  collected  information  regarding  demographics,  clin-
cal  and  laboratorial  parameters  at  presentation,  namely
-minute  walking  distance  (6MWD),  B-type  natriuretic  pep-
ide  (BNP)  and  hemodynamics  from  the  diagnostic,  baseline
HC.

ollow-up,  outcomes  and  exposure  variables

ll  follow-up  visits  were  conducted  at  our  institution  and
anaged  by  a  small  group  of  PH  specialists  (G.C.,  R.B.  and
.M.S.).  Follow-up  intervals  and  initiation  of  relevant  ther-
py  were  determined  at  the  physician’s  discretion.  Because
f  changes  in  therapy,  availability,  and  recommendations
hroughout  the  time  period,  treatment  is  registered  as  the
atest  administration  on  last  visit.

The  primary  endpoint  of  our  study  was  all-cause  mortal-
ty.  The  secondary  endpoint  was  a  combination  of  all-cause
ortality  and  admission  for  decompensated  heart  failure.

urvival  time  was  estimated  from  the  date  of  the  diagnostic
HC.  At  the  end  of  the  study,  on  November  12,  2015,  vital
tatus  was  obtained  by  access  to  the  National  Health  Data
latform  (Plataforma  Nacional  de  Dados  de  Saúde). We  also
egistered  all  hospital  admissions  for  decompensated  heart
ailure  after  the  first  hospital  admission.  No  patient  was  lost
o  follow-up.

tatistical  analysis

ontinuous  variables  were  reported  as  means  ±  SD  or  as
edians  with  interquartile  range  (IQR)  where  appropriate.
ategorical  variables  were  reported  as  absolute  frequen-
ies  and  percentages.  Survival  analysis  was  performed  using
aplan---Meier  curves,  with  the  date  of  entry  into  the  study
efined  as  the  date  of  the  first  diagnostic  RHC  or  the  first  visit
o  the  PH  clinic  for  those  patients  that  did  not  undergo  any
nitial  RHC.  Patients  that  did  not  die  were  censored  at  the
nd  of  the  study.  The  log-rank  test  was  used  for  comparison
etween  groups.

Univariate  Cox’s  proportional  hazards  analysis  was  used
o  assess  the  relationship  between  PAH  and  outcomes.
o-linearity  between  variables  was  examined.  Significant
ariables  on  the  univariate  analysis  along  with  those  varia-

les  previously  reported  to  be  related  with  mortality,  were
ncluded  in  a  forward  stepwise  multivariate  Cox’s  pro-
ortional  hazards  model  in  order  to  identify  independent
redictors  of  outcomes  in  the  overall  PAH  population.



1

i
n
d
a
c
c
P
i
p
s
v
t
0
(
u

R

S

A
s
t

4
(
(
1
s
B
h
p
a
f
a
o

S

O
1
t
e
v

26  

We  conducted  three  subgroup  analysis,  investigat-
ng  the  interaction  between  PAH  etiology  (PAH-CHD  vs.
on-PAH-CHD),  age,  gender  and  prognosis.  We  also  con-
ucted  an  exploratory  analysis  including  the  IPAH,  HPAP
nd  DPAH  groups  in  which  the  actual  survival  was
ompared  with  the  historical  survival  from  the  NIH
ohort,10 using  the  prognostic  equation  as  follows15:
(t)  =  H(t)A(x,y,z);  H(t)  =  0.88---0.14t  +  0.01t2,  where  t  =  time
n  years;  A(x,y,z)  =  e(0.007325x+ 0.0526y− 0.3275z),  where  x  =  mean
ulmonary  artery  pressure;  y  =  mean  right-sided  atrial  pres-
ure;  and  z  =  cardiac  index.  The  calculated  survival  was
isually  compared  with  the  observed  survival  at  the  same
ime  points  with  95%  CI.  A  P  value  (two-sided)  below
.05  was  considered  statistically  significant.  STATA  software
STATA  IC  for  Windows,  ver.  13,  Lakeway  Drive,  TX,  USA)  was
sed  for  statistical  analysis.

esults

tudy  population
 total  of  65  patients  were  consecutively  enrolled  in  our
tudy;  their  clinical  and  hemodynamic  characteristics  at  the
ime  of  diagnosis  are  shown  in  Table  1.  The  mean  age  was
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Table  1  Clinical  and  hemodynamic  data  at  the  time  of  diagnosis.  IP
itary pulmonary  arterial  hypertension;  PAH-CHD:  congenital  heart
tissue disease-associated  pulmonary  arterial  hypertension;  PPAH:  p
pulmonary disease.  6-minute  walk  distance;  mPAP:  mean  pulmonary
arterial occlusion  pressure;  PVR:  pulmonary  vascular  resistance.

Total  cohortn  =  65  

Age,  years  48  ±  19.2  

0---39 years,  no  (%)  29  (44.6)  

40---59 years,  no  (%)  14  (21.5)  

≥60 years,  no  (%)  22  (33.8)  

Female, no  (%) 44  (67.7)  

Diagnosis, no  (%)
IPAH 8  (12.3)  

HPAP 1  (1.5)  

PAH-CTD  16  (24.6)  

PPAH 8  (12.3)  

PVOD 1  (1.5)  

PAH-CHD  31  (47.7)  

Ventricular  septal  defect  

Atrial septal  defect  

Auriculoventricular  septal  defect  

Patent ductus  arteriosus  

6 MWD,  m  399  (±113.9)  

BNP at  admission,  pg/mL  78.8  [36.4---138.4]  

Hemodynamics
mPAP, mmHg  60.6  (±21.2)  

RAP, mmHg  7.4  (±4.0)  

PAOP, mmHg  9.8  (±5.2)  

CO, L/min  4.6  (±2.3)  

CI, L/min/m2 2.7  (±1.3)  

PVR, UW  12.8  (±8.8)  

Indexed PVR,  UW/m2 7.5  (±5.15)  

All-cause mortality,  no  (%)  17  (26.2)  
P.  Marques-Alves  et  al.

8  (±19.2)  years  and  the  majority  of  patients  were  female
68%,  n  =  44).  The  most  common  PAH  subgroup  was  PAH-CHD
n  = 31;  48%),  followed  by  PAH-CTD  (n  =  16;  25%),  IPAH  (n  =  8;
2%),  PoPH  (n  =  8;  12%)  and  HPAH  (n  =  1;  1.5%).  On  admis-
ion,  the  mean  6MWD  was  399  (±113.9)  m  and  the  median
NP  was  79  [IQR  36---138]  pg  dL−1.  Most  patients  had  severe
emodynamics  at  diagnosis,  characterized  by  high  indexed
ulmonary  vascular  resistance  (7.5  ±  5.2  Wood  units  m−2)
nd  low  cardiac  index  (2.7  ±  1.3  L  min−1 m−2).  On  the  last
ollow-up  visit,  regarding  pulmonary  vasodilator  therapy,
bout  half  (n  =  37)  of  the  patients  were  on  monotherapy  and
ne-third  (n  =  22)  were  on  combination  therapy  (Table  2).

urvival  analysis

ver  a  median  follow-up  period  of  3.1  [IQR  1.7---5.4]  years,
7  patients  (26%)  died.  The  Kaplan---Meier  survival  curve  for
he  total  cohort  is  illustrated  in  Figs.  1  and  2  shows  the
stimated  survival  according  to  the  different  etiologies.  Sur-
ival  was  numerically  better  in  patients  with  PAH-CHD  than

n  patients  without  PAH-CHD,  although  it  did  not  achieve
tatistical  significance  (log-rank  P  =  0.06).  No  significant  dif-
erence  was  observed  in  estimated  survival  between  male
nd  female  patients  (log-rank  P  =  0.07)  or  among  different

AH:  idiopathic  pulmonary  arterial  hypertension;  HPAH:  hered-
 disease-associated  pulmonary  disease;  PAH-CTD:  connective
orto  pulmonary  arterial  hypertension;  PVOD:  veno-occlusive

 arterial  pressure;  RAP:  right  atrial  pressure;  PAOP:  pulmonary

Non  PAH-CHDn  =  34  PAH-CHD  P  value

59  ±  15.4  37  (±16.2)  <0.001
29  (44.6)  24  (77.4)
14  (21.5)  4  (12.9)
22  (33.8)  3  (9.7)
26  (76.5)  18  (58.1)  0.113

8  (23.5)
1  (2.9)
16  (47.1)
8  (23.5)
1  (2.9)
---

17  (65.4)
8  (32)
4  (19.1)
8  (32)

377.4  (±117.8)  422.8  (±106.2)  0.108
106.3  [71.6---155.5]  39.7  [15.9---92.2]  <0.001

49.7  (±14.4)  71.9  (±21.5)  <0.001
6.8  (±4.3)  8.1  (±3.6)  0.220
8.3  (±3.9)  11.3  (±5.9)  0.02
4.4  (±1.9)  4.8  (±2.5)  0.526
2.6  (±1.2)  2.8  (±1.5)  0.530
12  (±10.0)  13.5  (±7.3)  0.193
7.1  (±5.9)  7.9  (±4.3)  0.190
12  (35.3)  5  (16.1)  0.079
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Table  2  Medical  therapy  on  last  follow-up  visit.

Total  cohort  (n  =  65)  PAH-CHD  (n  =  31)  Non  PAH-CHD  (n  =  34)

Monotherapy,  no  (%) 38  (58.5) 26  (83.9) 12  (35.3)
PDE-5I 3  0  3
Prostanoids 0  0  0
ETA 28  24  4
Riociguat 2  1  1
CCB 5  1  4

Combination therapy,  no  (%)  27  (41.5)  5  (16.1)  22  (64.7)
PDE-5I +  ETA  11  2  12
PDE-5I +  prostanoids 2  0  2
ETA +  prostanoids 2  2  0
ETA +  riociguat 3  0  3
PDE-5 +  ETA  +  prostanoids  6  1  5

CCB: calcium channel blockers; PDE-5I: phosphodiesterase 5 inhibitors; ETA: endothelin receptor antagonists.
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Figure  1  Kaplan---Meier  curves  for  all-cause  mortality.  (A)  Global  cohort  of  patients  with  pulmonary  arterial  hypertension  (PAH)
(n =  65).  (B)  PAH  cohort  stratified  by  the  different  etiologies  of  PAH.  IPAH  +  HPAH:  idiopathic  and  hereditable  PAH;  PAH-CTD:  connective
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tissue disease-associated  PAH;  PAH-CHD:  congenital  heart  disea

age  groups  (log-rank  P  =  0.14).  However,  higher  BNP  values  at
diagnosis  were  significantly  associated  with  increased  mor-
tality  (log-rank  P  <  0.001)  (see  Fig.  S1  in  the  Supplementary
Material  Online).

Kaplan---Meier  curve  for  the  secondary  endpoint  is  rep-
resented  in  Fig.  3.  Older  age  (log-rank  P  =  0.010),  higher
BNP  levels  at  diagnosis  (log-rank  P  =  0.003)  and  non-CHD-PAH
(log-rank  P  =  0.017)  were  associated  with  worse  prognosis,

regarding  all-cause  death  and  admission  for  heart  failure
decompensation)  (see  Fig.  S2  in  the  Supplementary  Material
Online).

a
d
e

sociated  PAH  and  PoPH:  portopulmonary  hypertension.

redictors  of  the  primary  and  secondary  endpoints

n  a  Cox  proportional  hazards  model,  BNP,  age  and  male
ender  were  independently  associated  with  the  primary  and
econdary  endpoints  (Table  3,  see  also  Table  S1  in  the  Sup-
lementary  Material  Online).  We  generated  and  compared
wo  subgroups  from  the  main  cohort,  concerning  BNP  levels
nd  gender:  females  with  BNP  levels  lower  than  the  median

nd  males  with  BNP  levels  over  the  median.  The  rates  of
eath  [OR  8.5  (95%  CI  1.4---51.5),  P  =  0.02]  and  combined
ndpoint  of  death  and  admission  for  decompensated  heart
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Figure  2  Kaplan---Meier  curve  for  the  secondary,  combined
endpoint  of  all-cause  mortality  and  admission  for  decompen-
sated  heart  failure.  Global  cohort  of  patients  with  pulmonary
arterial  hypertension  (PAH)  (n  =  65).
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Figure  3  Kaplan---Meier  estimates  with  95%  confidence  inter-
vals and  predicted  survival  using  the  NIH  equation10,15 for  the
IPAH, HPAH  and  DPAH  cohort  (n  =  9).  At  the  1-year  time-point,
there is  a  numerically  difference  of  survival.  At  the  latter
time-points,  the  95%  confidence  interval  includes  the  observed
survival.  —:  observed  survival;  ------:  predicted  survival.
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Table  3  Multivariate  predictors  of  all-cause  mortality  and
the combined  endpoint  of  all-cause  mortality  and  admis-
sion for  decompensated  heart  failure  in  Cox’s  proportional
hazards  analysis.

End-point  HR  (95%  CI)  P  value

End-point  1:  all-cause  mortality
Age  1.03  (1.01---1.06)  0.033
Male 3.95  (1.34---11.57)  0.012
BNP 2.24  (1.49---3.36)  <0.001

End-point  2:  all-cause  mortality  or  admission  for
decompensated  heart  failure

Age  1.03(1.01---1.05)  0.030
Male 2.61  (1.1---6.17) 0.030
BNP 1.8(1.25---2.55)  0.001
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to  develop  Eisenmenger  syndrome.  PAH-CHD  patients  are
ailure  [OR  11.2  (95%  CI  1.2---104),  P  =  0.03)  were  significantly
igher  in  the  latter  group.

omparison  of  the  IPAH,  HPAH  and  DPAH  groups
ith the  NIH  PAH  cohort

e  conducted  an  exploratory  analysis  using  the  NIH  prog-
ostic  equation10,15 to  calculate  the  expected  survival
f  our  incident  IPAH,  DPAH  and  HPAH  cohort  at  1  and

 years.  The  1-  and  3-year  expected  survival  was  75%,
nd  55%,  respectively;  the  observed  survival  was  numer-

cally  higher  (100%  and  76%),  although  not  statistically
ignificant  (Fig.  3).

a
s

CI denotes confidence interval, HR: hazard ratio, BNP: type B
natriuretic peptide.

iscussion

e  presented  the  long-term  survival  data  of  a  Portuguese
ohort  of  incident  PAH  patients  in  the  modern  mana-
ement  era.  We  demonstrate  a  1-year  survival  of  95%
nd  a  3-year  survival  of  77%,  in  line  with  the  published
eries  from  other  countries.6,16---21 The  REVEAL  (Registry
o  Evaluate  Early  and  Long-Term  PAH  Disease  Manage-
ent)  registry  evaluated  incident  and  prevalent  cases  of

AH  and  found  1-  and  3-year  survival  rates  of  85%  and
8%,  respectively.16 Similarly,  a  French  multicenter  registry
ncluded  121  incident  PAH  patients,  with  1-  and  3-year  sur-
ival  rates  of  88%  and  65%,  respectively.17 Some  smaller
egistries,  like  the  Spanish  and  the  Danish  ones,  yielded
imilar  findings.6,20

Baseline  disease  characteristics  in  our  cohort  showed,  as
xpected,  a  majority  of  middle-aged  female  patients.  Sim-
lar  trends  were  found  in  the  French  registry17 and  the  US
EVEAL  study.16 PAH-CHD  was  the  most  common  form  of  PAH,
ollowed  by  PAH-CTD.  This  larger  proportion  of  PAH-CHD  was
ot  found  in  the  REVEAL16 and  French17 studies,  although  it
as  similar  to  the  Scottish,21 Czech18 and  the  new  Chinese

egistry.22

The  main  anomaly  in  our  PAH  population  etiologi-
al  distribution  in  regard  to  other  published  registries
s  the  larger  proportion  of  PAH-CHD  patients  (48%),  a
ignificantly  higher  proportion  than  the  French17 and
he  REVEAL16 cohorts,  somewhat  higher  than  the  Scot-
ish  (23%),21 Czech  (21%)18 and  similar  to  the  Chinese
egistry  (43%).22 PAH-CHD  is  associated  with  increased
orbidity  and  mortality  and  is  particularly  prevalent  in
atients  with  uncorrected  systemic-to-pulmonary  shunts.23

ulmonary  pressures  can  elevate  to  such  an  extent  that  the
hunt  is  reversed,  resulting  in  the  return  of  deoxygenated
lood  to  the  systemic  circulation  and  the  development
f  Eisenmenger  syndrome,  the  most  advanced  form  of
AH-CHD.24 Portugal  lacked  appropriate  corrective  cardiac
urgery  centers  before  the  early  1980s,  when  most  of  these
atients  were  born,  therefore  conditioning  many  patients
lso  clearly  underrepresented  in  other  epidemiological
eries,  as  in  the  French  cohort  due  to  health  organization
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Long-term  survival  of  patients  with  pulmonary  hypertension

issues  where  many  patients  were  followed  in  cardiology
departments,  not  expert  PH  centers,17 and  that  can  also
explain  the  different  prevalence  of  PAH-CHD  among  the
series.

Survival  in  incident  cohorts

The  French17 and  the  REVEAL16 studies  comprised  a  large
percentage  of  prevalent  cases,  with  a  significantly  worse
survival  for  incident  cases  than  for  prevalent  cases.  This
can  be  explained  by  inclusion  of  long-term  survivors  in  the
prevalent  cohorts.  The  difference  in  1-year  survival  between
these  two  studies  is  minimal  (88%  vs.  85%).  However,  these
survival  rates  are  numerically  lower  than  the  ones  in  our
cohort,  with  a  1-year  survival  of  95%.  In  terms  of  long-term
outcomes,  our  cohort  had  a  3-year  survival  rate  of  77%,
higher  than  the  65---68%  reported  in  previous  studies16,17; and
a  5-year  survival  of  71%  also  numerically  higher  than  the  57%
reported  in  the  REVEAL  study.16 The  survival  estimates  pre-
sented  in  our  population  are  from  an  incident  cohort,  usually
displaying  lower  survival  rates  than  cohorts  including  preva-
lent  cases.  Reasons  for  a  higher  survival  rate  in  our  cohort
than  in  other  cohorts  reflect,  but  may  be  not  limited  to,  a
larger  population  of  PAH-CHD  patients,  usually  with  better
overall  prognosis.  Also,  the  availability  of  all  drugs  to  treat
PAH  patients  may  help  to  promote  survival  in  this  group  of
patients.

Factors  affecting  survival

PAH  mortality  has  been  associated  with  male  sex,  right
ventricular  hemodynamic  function  and  exercise  limitation
(6MWD)  in  the  REVEAL,16 French17 and  Spanish6 registries.  In
our  study,  male  sex  and  higher  BNP  values  were  independent
predictors  of  death  and  hospitalization  for  decompen-
sated  heart  failure.  Although  reported  in  several  studies,
there  is  no  clear  explanation  for  the  association  of  male
sex  and  mortality.5,9,17 Additionally,  no  significant  differ-
ence  was  observed  in  survival  times  between  male  and
female  patients.  An  improved  understanding  of  the  influ-
ence  of  gender  on  PAH  outcomes  is,  therefore,  of  critical
importance.5,17 Higher  BNP  values  at  diagnosis  were  associ-
ated  with  increased  mortality,  as  also  described  in  previous
studies.25---27 This  probably  reflects  the  impact  of  right
ventricular  failure  in  determining  the  prognosis.  In  our
registry,  hemodynamic  parameters  did  not  achieve  statis-
tical  significance  as  predictors  of  mortality,  which  can  be
explained  by  the  lack  of  statistical  power  of  our  study
population.

Study  limitations

The  major  limitation  of  our  study  is  the  small  sample  size,
which  did  not  allow  us  to  identify  other  predictors  of  mortal-
ity.  Our  study  is  underpowered  due  to  the  small  number  of
patients  and  events.  Taking  into  consideration  an  expected

mortality  reduction  of  43%,28 we  calculated  that  106  events
would  be  necessary  in  order  to  identify  a  mortality  reduc-
tion  against  placebo  (i.e.  the  NIH  patients).  This  number
is  even  more  limitative  as  we  could  only  include  IPAH,
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PAH  and  DPAH  in  our  NIH-comparative  analysis.  However,
lthough  underpowered,  our  analysis  reflects  the  totality  of
ur  patients  since  2009,  having  true  value  as  real  world  data
n  our  country.  The  direct  comparison  of  the  Kaplan---Meier
urves  of  our  IPAH,  HPAP  and  DPAH  subgroups  against  the
xpected  survival  predicted  by  the  NIH  curve  has  several
imitations,  as  (i)  the  NIH  equation  was  extrapolated  from

 mixed  cohort  of  incident  and  prevalent  cases,  (ii)  it  only
omprised  3  hemodynamic  variables,  (iii)  the  patients  were
ounger  with  a  different  demographic  distribution  and  (iv)
rom  a  cohort  living  30  years  ago.  Although  limited,  this  anal-
sis  is  of  interest  as  the  simple  observation  of  the  curves
ives  a  clear  signal  of  the  difference  that  is  the  actuarial
urvival  gain  with  a  contemporary  approach.  Finally,  com-
arisons  with  other  studies  must  be  made  with  caution,
iven  the  disparity  of  the  population  size  and  characteris-
ics,  such  as  a  larger  cohort  of  PAH-CHD,  which  might  result
n  overly  optimistic  survival  estimates.  The  external  validity
f  the  sample  is  limited  to  centers  with  similar  medical  and
harmacological  resources  available.

onclusion

n  this  cohort  of  incident  PAH  patients,  we  report  a  higher
ncidence  of  PAH-CHD  in  comparison  to  other  PAH  registries,
hich  may  need  special  attention.  This  subgroup  displayed

 numerically  higher  survival  rate  and  overall  better  progno-
is,  compared  to  the  non-CHD-PAH  subgroup.  In  the  global
AH  population,  higher  BNP  values  and  male  gender  were
ssociated  with  higher  mortality.  The  1-year  survival  was
5%  and  the  3-  and  5-year  survival  exceeded  70%,  reflect-
ng  access  to  contemporary  PAH  treatment  and  constitute

 strong  incentive  to  the  continuous  work  developed  by  all
embers  involved  in  caring  for  this  condition.  Our  findings

ncourage  and  reinforce  the  need  for  a  long-term  nation-
ide  registry,  pursuing  better  care  for  PAH  patients.
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