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Abstract

We evaluated whether updated pulmonary hypertension definitive criteria proposed in sixth World Symposium on Pulmonary

Hypertension had an impact on diagnosis of overall pulmonary hypertension and pre-capillary and combined pre- and post-capillary

phenotypes as compared to those in European Society of Cardiology/European Respiratory Society 2015 pulmonary hypertension

Guidelines. Study group comprised the retrospectively evaluated 1300 patients (age 53.1� 18.8 years, female 807, 62.1%) who

underwent right heart catheterization with different indications between 2006 and 2018. Mean pulmonary arterial pressure

�25 mmHg (European Society of Cardiology) and PAMP (mean pulmonary arterial pressure) >20 mmHg (World Symposium

on Pulmonary Hypertension) right heart catheterization definitions criteria were used, respectively. For pre-capillary pulmonary

hypertension, pulmonary artery wedge pressure �15 mmHg and pulmonary vascular resistance �3 Wood units criteria were

included in the both definitions. Normal mean pulmonary arterial pressure (<21 mmHg), borderline mean pulmonary arterial

pressure elevation (21–24 mmHg), and overt pulmonary hypertension (�25 mmHg) were documented in 21.1, 9.8, and 69.1% of

the patients, respectively. The pre-capillary and combined pre- and post-capillary pulmonary hypertension were noted in 2.9 and

1.1%, 8.7 and 2.5%, and 34.6 and 36.6% of the patients with normal mean pulmonary arterial pressure, borderline, and overt

pulmonary hypertension subgroups, respectively. The World Symposium on Pulmonary Hypertension versus European Society of

Cardiology/European Respiratory Society definitions resulted in a net 9.8% increase in the diagnosis of overall pulmonary hyper-

tension whereas increases in the pre-capillary pulmonary hypertension and combined pre- and post-capillary pulmonary hyper-

tension diagnosis were only 0.8 and 0.3%, respectively. The re-definition of mean pulmonary arterial pressure threshold seems to

increase the frequency of the overall pulmonary hypertension diagnosis. However, this increase was mainly originated from those in

post-capillary pulmonary hypertension subgroup whereas its impact on pre-capillary and combined pre- and post-capillary pul-

monary hypertension was negligible. Moreover, criteria of pre-capillary pulmonary vascular disease and combined pre- and post-

capillary phenotypes were still detectable even in the presence of normal mean pulmonary arterial pressure. The obligatory criteria

of pulmonary vascular resistance �3 Wood units seems to keep specificity for discrimination between pre-capillary versus post-C

pulmonary hypertension after lowering the definitive mean pulmonary arterial pressure threshold to 20 mmHg.
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Introduction

Since the first World Symposium on Pulmonary
Hypertension (WSPH), pulmonary hypertension (PH) has
been arbitrarily defined as mean pulmonary arterial pressure
(mPAP) �25mmHg at rest, measured by right heart cath-
eterization (RHC).1–4 However, recent data from normal
individuals revealed that normal mPAP mean value was
14.0� 3.3mmHg, and two standard deviations (SDs)
above this mean value would suggest mPAP> 20mmHg
as the upper limit of normal (ULN) (the 97.5th percent-
ile).5,6 Furthermore, current data from longitudinal follow-
up cohorts in some specific risk groups have suggest that
even mPAP>20mmHg has been significantly associated
with increased risks for progression to overt pulmonary
arterial hypertension (PAH), hospitalizations, and mortal-
ity.7–13 However, borderline elevations in mPAP solely are
not considered to be sufficient to specify pulmonary vascular
disease because of the fact that this can be due to an increase
in cardiac output or pulmonary arterial wedge pressure
(PAWP).5,14 Thus, sixth WSPH Task Force has proposed
to include pulmonary vascular resistance (PVR) �3 Wood
units into the definition of pre-capillary (pre-C) PH in add-
ition to mPAP>20mmHg.5

However, several issues, whether the reducing the defini-
tive cut-off value of PH to 20mmHg significantly increases
the ‘‘new’’ prevalence of the patients with pre-C PH or may
lead to misdiagnosis, unnecessary RHC procedures, earlier
initiation of aggressive PAH-targeted therapies in borderline
pre-C PH subsets, and surgical endarterectomy in chronic
thromboembolic disease remain to be determined.14–16

In this single-center retrospective study, we aimed to
evaluate the characteristics of patients with normal mPAP,
borderline elevation in mPAP and overt PH, and to
assess the impact of the revised PH definitive mPAP thresh-
old >20mmHg on diagnosis rates of additional PH, pre-C
PH, and combined pre- and post-capillary (co-pre-post-C)
PH as compared to those with prior cut-off value of mPAP
�25mmHg.

Methods

Our study group comprised of the retrospectively evaluated
1300 patients (age 53.1� 18.8 years, female 807, 62.1%)
who underwent RHC with different indications between
2006 and 2018. In accordance with recommendations of
European Society of Cardiology (ESC)/European
Respiratory Society (ERS) 2015 PH Guidelines,4 all patients
underwent RHC following the echocardiographic assess-
ments showing findings suggestive for increased PH prob-
ability. Indications for RHC were as follows: as a part of the
our single-center EvalUation of Pulmonary Hypertension
Risk factors AssociaTEd with Survival (EUPHRATES)
study in 491 patients, for hemodynamic confirmation and/
or risk-based management for heart failure in 677 patients,
and before percutaneous interventions or surgical oper-
ations for valvular heart diseases in 127 patients. For

hemodynamic definitions of PH on RHC according to the
ESC/ERS 2015 PH Guidelines and sixth WSPH PH defin-
itions, mPAP �25mmHg and mPAP >20mmHg cut-off
values have been utilized as diagnostic criteria, respect-
ively.4,6 For pre-C PH definitions, PAWP �15mmHg and
PVR �3 Wood units criteria have been included in both the
definitions.6 Overall study population have been subclassi-
fied according to the invasively measured normal mPAP
(<21mmHg), borderline elevation in mPAP (21–
24mmHg), and overt PH (�25mmHg), and baseline demo-
graphics, clinical, echocardiographic, and hemodynamic
characteristics were compared. Written informed consent
was obtained from each participant, if needed, and the
study protocol was reviewed and approved by the
Institutional Ethics Committee. This study was conducted
in accordance with the Declaration of Helsinki.

Statistical methods

Continuous variables were represented as mean and SD, and
categorical variables were represented as % and number.
Numerical differences across the three groups were tested
by variance analysis, and categorical variables were tested
by chi-square analysis. In cases where statistically significant
differences were detected between the groups, post-hoc
test (Tukey test) was also utilized for more detailed analysis.
A p value of <0.05 was considered statistically significant.
All analyzes were performed with SPSS Statistical Package
for the Social Sciences program.

Results

Normal mPAP, borderline mPAP, and overt PH were docu-
mented in 275 (21.1%), 127 (9.8%), and 898 (69.1%) out of
the 1300 patients, respectively (Fig. 1a). According to the
definitive criteria of mPAP �25mmHg and mPAP
>20mmHg, PH was diagnosed in 69.1 and 78.9%, pre-C
PH in 23.9 and 24.7%, and co-pre-post-C PH in 25.1 and
25.4%, respectively (Fig. 1b).

Baseline demographics, clinical characteristics, and echo-
cardiographic and hemodynamic measures across the three
subsets of normal mPAP, borderline elevated mPAP, and
overt PH are presented in Table 1. As compared to those in
borderline mPAP and overt PH subgroups, a lower bodymass
index (BMI), a younger age, a slower heart rate, and a higher
systemic arterial saturation (Sat O2%), and a higher incidence
of congenital heart disease were documented in normal mPAP
subgroup (p¼ 0.004 for BMI and p < 0.001 for rest of all).
Incidence of heart failure with reduced ejection fraction, atrial
fibrillation, and utilization rates of oral anticoagulant and car-
diac resynchronization therapies were found to be significantly
increased in association with increasing mPAP, while inci-
dence of hypertension, diabetes, valvular and pericardial dis-
ease, heart failurewith preserved ejection fraction, and chronic
obstructive pulmonary disease were comparable across the
three subsets of mPAP spectrum (Table 1).
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The echocardiographic data revealed a decrease in left
ventricular ejection fraction and increase in the number of
measures consistent with severe right ventricular and right
atrial pressure overloading, and clinically relevant moderate
and severe mitral and tricuspid regurgitation in association
with increasing mPAP (Table 1). The step-wise increases in
PAWP, diastolic transpulmonary gradient, right atrial pres-
sure, PVR and PVR/SVR ratio, and decrease in cardiac
index across the spectrum of mPAP were also statistically
significant (Table 1).

The pre-C disease phenotype (PVR �3 Wood units and
PAWP �15mmHg) and co-pre-post-C PH (PVR �3 Wood
units and PAWP >15mmHg) were noted in 2.9 and 1.1%,
8.7 and 2.5%, and 34.6 and 36.6% of the cases in normal
and borderline mPAP, and overt PH groups, respectively
(Table 1 and Fig. 2a). The re-definition was found to
result in a net 9.8% increase in the diagnosis of overall
PH, 0.8% increase in the pre-C PH, and 0.3% increase in
the co-pre-post-C PH diagnosis (Fig. 2b).

Discussion

Although updated sixth WSPH definition based on
mPAP>20mmHg compared with prior hemodynamic def-
inition as mPAP �25mmHg resulted in a net 9.8% increase
in the diagnosis of overall PH, increases in the pre-C PH and
co-pre-post-C PH diagnosis were only 0.8 and 0.3%,
respectively. More importantly, even in the presence of the
mPAP< 21mmHg, criteria of pre-C and co-pre-post-C
phenotypes were still detectable in 2.9 and 1.1% of the
patients, respectively.

Although cumulated data suggest a significant relation-
ship between elevations in mPAP and morbidity and mor-
tality irrespective of the pre-C or post-C physiopathologies,
the normal range of the mPAP has not been determined
until some recent studies.6–14 A systematic review based on
healthy individuals from 47 studies in 13 countries revealed
that mean mPAP at rest was less than 21mmHg, two SDs
above the normal mean values, regardless of the gender, age,
geographical distribution, and supine or upright position.5

A proposal for the term ‘‘borderline PH’’ to define patients
with mPAP of 21–25mmHg was already made 10 years ago
at Dana Point WSPH, but this was not agreed until sixth
WSPH.6,14 It has been considered that definitive cut-off
value of mPAP �25mmHg was also an arbitrary choice,
and lowering it to 20mmHg as ULN assures a scientific
approach.6,14 Furthermore, even mPAP above the 1SD
limit (17.3mmHg) may have prognostic relevance in chronic
obstructive pulmonary disease and idiopathic pulmonary
fibrosis.6,17,18

In a large longitudinal cohort, borderline PH with mPAP
21–24mmHg was noted in 18% of the individuals who
underwent RHC, and after adjusting for 34 covariates in a
Cox proportional hazards model, borderline elevation in
mPAP predicted a higher mortality compared with those
with normal mPAP, and the this hazard increased incremen-
tally with increasing mPAP, without a threshold.9 The 61%
of these patients with borderline PH had developed overt
PH at follow-up RHC, with a median increase in mPAP of
5mmHg.9 In a retrospective analysis7 and a systematic
review and meta-analysis,10 mPAP >19mmHg was shown
to increase the risk of mortality. In a multivariate model

Fig. 1. (a) Normal mean pulmonary pressure (mPAP), borderline mPAP, and overt PH were documented in 275 (21.1%), 127 (9.8%), and 898

(69.1%) out of the 1300 patients, respectively and (b) according to the definitive criteria of mPAP �25 mmHg and mPAP >20 mmHg, PH was

diagnosed in 69.1 and 78.9%, pre-C PH in 23.9 and 24.7%, and combined pre-post-capillary (co-pre-post-C) PH in 25.1 and 25.4%, respectively.

mPAP: mean pulmonary artery pressure, PH: pulmonary hypertension.
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Table 1. Comparison of basal characteristics, echocardiographic measures, and hemodynamic parameters among three thresholds for mean

pulmonary pressure.

Basal characteristics

1 (mPAP<21 mmHg,

n¼ 275)

2 (mPAP¼21–24 mmHg,

n¼ 127)

3 (mPAP �25 mmHg,

n¼ 898) P value* P valuey P valuez P value§

Age (years) 45.7� 15.1 50.0� 14.2 51.1� 14.7 <0.001 0.019 <0.001 0.708

Gender (female) 125 (45.4%) 48 (37.8%) 355 (39.5%) 0.172

Body-mass index 25.4� 4.57 26.5� 4.74 26.5� 4.96 0.004 0.078 0.005 0.990

Heart rate (beats per minute) 79.5� 12.4 82.7� 12.3 84.7� 12.4 <0.001 0.05 <0.001 0.208

Systolic arterial pressure (mmHg) 124.6� 23.6 128.3� 27.2 123.9� 26.4 0.232

SPO2% 95.8� 4.2 95.2� 3.9 94.1� 5.5 <0.001 0.568 <0.001 0.041

CABG (n(%)) 16 (6.1%) 5 (3.9%) 68 (7.6%) 0.236

Single-vessel CAD (n(%)) 19 (6.9%) 4 (3.1%) 71 (7.9%) 0.085

Double-vessel CAD (n(%)) 9 (3.2%) 5 (3.9%) 58 (6.5%) 0.085

Triple-vessel CAD (n(%)) 23 (8.3%) 13 (10.02%) 98 (10.9%) 0.085

HFPEF (n(%)) 6 (2.1%) 3 (2.3%) 43 (4.8%) 0.095

HFREF (n(%)) 104 (37.8%) 50 (39.3%) 444 (49.4%) <0.001 0.882 0.002 0.019

Congenital heart disease (n(%)) 59 (21.4%) 23 (18.1%) 80 (8.9%) <0.001 0.798 <0.001 <0.001

Valvular heart disease (n(%)) 23 (8.36%) 10 (7.87%) 96 (10.7%) 0.380

Pericardial disease (n(%)) 1 (0.36%) 1 (0.78%) 3 (0.3%) 0.742

COPD (n(%)) 13 (4.7%) 11 (8.66%) 39 (4.3%) 0.105

CRT implantation (n(%)) 7 (2.54%) 7 (5.51%) 74 (8.2%) 0.004 0.101 <0.001 0.315

Hypertension (n(%)) 62 (22.5%) 32 (25.1%) 195 (21.7%) 0.670

Diabetes mellitus (n(%)) 46 (16.7%) 25 (19.6%) 175 (19.5%) 0.592

Atrial fibrillation (n(%)) 25 (9.1%) 15 (11.8%) 144 (16%) 0.011 0.310 0.002 0.212

OAC use (n(%)) 53 (19.2%) 30 (23.6%) 290 (32.3%) <0.001 0.501 <0.001 0.019

Echocardiographic measures

LV EF (%) 49.5� 19.2 47.2� 20.4 42.9� 21.1 <0.001 0.551 <0.001 0.077

TR-VMax (m/s) 2.8� 0.5 2.92� 0.60 3.54� 0.73 <0.001 0.610 <0.001 <0.001

RV>LV (n(%)) 21 (7.6%) 18 (14.1%) 266 (29.6%) <0.001 0.105 <0.001 <0.001

D-shaped septum (n(%)) 21 (7.6%) 18 (14.1%) 266 (29.6%) <0.001 0.073 <0.001 <0.001

ECHO-sPAP (mmHg) 38.7� 14.01 41.2� 16.5 58.9� 23.52 <0.001 0.607 <0.001 <0.001

ECHO-mPAP (mmHg) 29.2� 10.1 37.9� 13.9 49.68� 16.52 <0.001 0.352 <0.001 0.062

PR-PAMP (mmHg) 28.4� 11.5 27.6� 12.9 47.1� 16.62 <0.001 0.994 <0.001 0.023

PA-diameter (cm) 2.54� 0.40 2.82� 0.44 3.18� 0.63 <0.001 0.154 <0.001 0.025

VCI-diameter (cm) 1.68� 0.40 1.98� 0.56 2.01� 0.54 <0.001 0.019 <0.001 0.973

RVOT-ACT (ms) 41.19� 44.54 47.95� 39.85 52.58� 33.25 0.343

VCI plethora (n(%)) 13 (4.7%) 11 (8.6%) 153 (17%) <0.001 0.105 <0.001 0.007

RA area (cm2) 22.7� 12.2 29.58� 10.6 26.05� 10.8 0.320

MR-2 (n(%)) 43 (15.6%) 21 (16.5%) 244 (27.5%) <0.001 0.088 <0.001 <0.001

MR-3 (n(%)) 4 (1.45%) 5 (3.9%) 79 (8.9%) <0.001 0.088 <0.001 <0.001

MR-4 (n(%)) 6 (2.1%) 7 (5.5%) 104 (11.7%) <0.001 0.088 <0.001 <0.001

TR-2 (n(%)) 63 (22.9%) 27 (21.2%) 336 (38.4%) <0.001 0.012 <0.001 <0.001

TR-3 (n(%)) 14 (5.09%) 7 (5.5%) 117 (13.4%) <0.001 0.012 <0.001 <0.001

TR-4 (n(%)) 21 (7.6%) 19 (14.9%) 164 (18.7%) <0.001 0.012 <0.001 <0.001

AR-2 (n(%)) 8 (2.9%) 2 (1.5%) 29 (3.3%) 0.051

AR-3 (n(%)) 1 (0.3%) 1 (0.7%) 6 (0.7%) 0.051

AY-4 (n(%)) 0 0 2 (0.2%) 0.051

TAPSE (cm) 2.02� 0.61 1.92� 0.59 1.70� 0.52 <0.001 0.242 <0.001 <0.001

ST (cm/s) 12.18� 3.48 11.86� 3.81 10.74� 3.06 <0.001 0.763 <0.001 0.012

Invasively assessed hemodynamic measures and definitions

sPAP (mmHg) 28.4� 5.9 37.2� 5.1 65.79� 22.15 <0.001 <0.001 <0.001 <0.001

mPAP (mmHg) 15.48� 3.25 22.22� 1.01 41.51� 13.89 <0.001 <0.001 <0.001 <0.001

dPAP (mmHg) 7.7� 3.36 13.16� 2.85 26.70� 10.91 <0.001 <0.001 <0.001 <0.001

Cardiac output (l/min) 4.55� 1.31 4.45� 1.20 3.88� 1.14 <0.001 0.725 <0.001 <0.001

(continued)
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considering age and comorbidities, not only overt PH, but
also borderline elevations in mPAP were independently
associated with a poor survival.11 On the other hand, only
36% of patients in borderline PH group had a PVR �3
Wood units at baseline RHC. These results imply the
contributions from post-C physiopathologies in this
subset.11

However, this revised cut-off value of mPAP solely nei-
ther characterize a clinical condition, nor define the patho-
logical process per se,6,14 and this rigor is not consistent with
the PAWP and PVR remaining unchanged despite the fact
that an ULN (above 2SDs) being 12mmHg for PAWP and
2 Wood units as suggested by some recent studies,14

Therefore, all three definitive measures of the pulmonary
hemodynamics seem to suffer from the gaps between ULN
values and those defining pre-C PH.14 Although the gap
related with revised mPAP definition might be considered
as a protective buffer zone against premature diagnosis of
PH, the gaps in PVR and PAWP values might not serve the
same purpose concordantly against overdiagnosis or mis-
classification of PH in the presence of their unchanged
definitive cut-off values.14 A PVR �3 Wood units can still
be possible even after a mPAP cut-off reduced to 20mmHg
in cases of low PAWP and cardiac output. Underestimating
these technically vulnerable measures may increase
PVR and result in misclassification of a patient as having
pre-C PH.

The data from the Veterans Affairs Clinical Assessment,
Reporting, and Tracking Program might provide important
evidence against straightforward mechanistic implications
for the causal relationship between mPAP and morbidity
or mortality.7 Individuals have been stratified into the
normal (�18mmHg), borderline (19–24mmHg), and overt
PH groups according to their mPAP values on RHC. The
post-C PH was reported in 78.2% of patients with overt PH,
in 22% of individuals with borderline mPAP, and in 2.5%
of the individuals with normal mPAP.7 Moreover, 38.2% of
the patients with overt PH, 7.7% of the individuals in bor-
derline group, and even 2.1% of the individuals with normal
mPAP had a PVR �3 Wood units addressing to pre-C pul-
monary vascular disease.7 In our study confirming these
findings, criteria of pre-C phenotype was noted in 34.6%
of the patients with overt PH, 8.7% of the patients with
borderline mPAP, and even in 2.9% of the patients with
normal mPAP while co-pre-post-C PH was noted in
36.6% of the patients with overt PH, 2.5% of the patients
with borderline mPAP, and 1.1% of patients with normal
mPAP. These PVR data might raise the questions concern-
ing the possibility of significant pulmonary vascular disease
even in the presence of the normal mPAPs, and imply the
need for more reliable hemodynamic definitions.7 We noted
a step-wise increase either in PAWP and the severity of the
pre-C physiopathology marked by higher PVR with increas-
ing mPAP (p<0.001 for both). Incidence of heart failure

Table 1. Continued

Basal characteristics

1 (mPAP<21 mmHg,

n¼ 275)

2 (mPAP¼21–24 mmHg,

n¼ 127)

3 (mPAP �25 mmHg,

n¼ 898) P value* P valuey P valuez P value§

Cardiac index (l/min/m2) 2.54� 0.76 2.39� 0.70 2.10� 0.63 <0.001 0.145 <0.001 <0.001

PVR (Wood Units) 1.18� 0.82 1.77� 1.29 5.73� 4.71 <0.001 0.365 <0.001 <0.001

SVR (Wood units) 19.40� 7.01 19.07� 5.51 21.38� 6.9 <0.001 0.916 <0.001 0.003

TPG (mmHg) 6.04� 4.52 9.44� 10.17 22.08� 16.36 <0.001 0.087 <0.001 <0.001

TSG (mmHg) 83.7� 19.5 81.7� 21.5 79.64� 18.5 0.024 0.642 0.017 0.557

DPG (mmHg) 2.68� 1.7 4.17� 2.38 15.87� 13.14 <0.001 0.921 <0.001 <0.001

QP/QS 1.22� 0.61 1.17� 0.51 1.06� 0.31 <0.001 0.561 <0.001 0.009

PVR/SVR 0.06� 0.04 0.1� 0.07 0.29� 0.25 <0.001 0.244 <0.001 <0.001

RAP (mmHg) 5.93� 4.13 7.56� 4.62 10.2� 5.85 <0.001 0.014 <0.001 <0.001

PCWP (mmHg) 12.9� 8.26 14.62� 6.54 18.63� 8.59 <0.001 0.136 <0.001 <0.001

Pre-capillary pulmonary vascular

disease (PVR �3 Wood units,

PCWP �15 mmHg) (n(%))

8 (2.9%) 11 (8.7%) 311 (34.6%)

Combined pre-post-capillary

pulmonary vascular disease

(PVR �3 Wood units,

PCWP >15 mmHg) (n(%))

3 (1.1%) 4 (2.5%) 326 (36.6%)

ACT: acceleration time; AR: aortic regurgitation; CABG: coronary artery bypass graft; CAD: coronary artery disease; COPD: chronic obstructive pulmonary

disease; CRT: cardiac resynchronization therapy; dPAP: diastolic pulmonary artery pressure; DPG: diastolic pulmonary gradient; EF: ejection fraction; HFPEF: heart

failure with preserved ejection fraction; HFREF: heart failure with reduced ejection fraction; LV: left ventricle; mPAP: mean pulmonary artery pressure; MR: mitral

regurgitation; OAC: oral anticoagulant; PA: pulmonary artery; PAMP: pulmonary artery mean pressure; PCWP: pulmonary capillary wedge pressure; PR: pulmonary

regurgitation; PVR: pulmonary vascular resistance; QP: pulmonary flow; QS: systemic flow; RA: right atrium; RAP: right atrial pressure; RV: right ventricle; RVOT:

right ventricle outflow tract; sPAP: systolic pulmonary artery pressure; SPO2: oxygen saturation; ST: tricuspid annulus systolic velocity; SVR: systemic vascular

resistance; TAPSE: tricuspid annular plane systolic excursion; TPG: transpulmonary gradient; TR: tricuspid regurgitation; TSG: transsystemic gradient; VCI: inferior

vena cava.

*: overall, y: between group 1 and 2, z: between group 1 and 3, §: between group 2 and 3.
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with reduced ejection fraction, atrial fibrillation, echocardio-
graphic meas-ures of severe right ventricular and right atrial
pressure overloading, clinically relevant mitral and tricuspid
regurgitation, and utilization rates of oral anticoagulant and
cardiac resynchronization therapies were found to be
increased in association with increasing mPAP. However,
congenital heart disease showed an inverse relation to
increasing mPAP while incidence of heart failure with pre-
served ejection fraction, valvular heart diseases, and chronic
obstructive pulmonary disease were comparable among
three mPAP subsets.

On the other hand, increased mortality in borderline
group, as compared to those in normal mPAP group, was
not limited to pre-C PH subset, but was also noted
in patients with post-C physiopathology.7 Whether
‘‘borderline PH’’ defines the severity of underlying pulmon-
ary vascular disease or represents hemodynamic status
related to a poor outcome regardless of the pre- or post-
capillary physiopathology remains to be determined.14

A lot of questions raised for gray zone of borderline pre-
C PH in patients with scleroderma, family members of her-
editary PAH or asymptomatic carriers of gene mutations
related with PAH, prevalent systemic to pulmonary con-
genital shunts, or chronic thromboembolic disease.6,14 Two
scleroderma series from same center showed a time-

dependent increase (nearly 1.1mmHg per year) in mPAP
with a 17.7% rate of PAH development in this setting.12,13

However, transpulmonary gradient and a high PVR were
independent predictors of progression to PH in these
series, and transpulmonary gradient �11mmHg in first
series, and significant lung disease, but not borderline PH,
in second series independently predicted survival.12,13 These
results suggest the need for further studies before any
re-definition of PH in scleroderma.

The predictive value of the echo screening criteria to
identify patients who are potential candidates for RHC
needs to be re-evaluated.6,14 The issue whether exercise-
induced increase in mPAP could help for closing the gap
between borderline and overt PAH in potential risk
groups remains to be determined.6,14 Although the revised
threshold of mPAP highlights the critical importance of
close monitoring in specific risk settings rather than treating
all these patients at gray zone, whether this re-definition
provides a starting point for earlier initiation of PAH tar-
geted treatments needs to be clarified in prospective
trials.6,14 In this kind of newly defined gray zone, no PAH
treatment can be justified on the basis of current evidence,
despite the willingness of patients and their families to ini-
tiate off-label targeted therapies without any delay.6,14,19

Moreover, defining the targets for hemodynamic and

Fig. 2. (a) The pre-capillary disease phenotype (PVR �3 Wood units and PAWP � 15 mmHg) and co-pre-post-C (PVR �3 Wood units and

PAWP >15 mmHg) were noted in 2.9 and 1.1%, 8.7 and 2.5%, and 34.6 and 36.6% of the normal and borderline mPAP, and overt PH groups,

respectively and (b) the re-definition was found to result in a net 9.8% increase in the diagnosis of overall PH, 0.8% increase in the pre-C PH, and

0.3% increase in the co-pre-post-C PH diagnosis. mPAP: mean pulmonary artery pressure, PH: pulmonary hypertension.
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clinical benefit from treatments or possibility of spontan-
eous stabilization along the course of patients with border-
line PH remains as another unresolved issue.6,14,19 On the
other hand, current standpoint of PH pathologist’s view
suggests that a clear-cut categorization into pre-C and
post-C PH/vascular remodeling appears more and more dif-
ficult, and perhaps rather different conditions in one large
spectrum of disease are present.20

The impact of the mPAP >20mmHg as definitive thresh-
old was tested in different unpublished cohorts of the Sao
Paulo and Giessen series, respectively.6 The combination of
mPAP >20mmHg with PVR �3 Wood units resulted in 2
and 6% increase in the pre-C PH in first and second cohorts,
respectively.6 As given in an editorial, other two unpub-
lished series from Poland and UK also reported pre-C PH
in 18.8 and 17.5% of the patients with borderline PH,
respectively.14 We found that mPAP >20mmHg compared
with mPAP �25mmHg cut-off value resulted in net
increases of 9.8% in the overall PH diagnosis, but only 0.8
and 0.3% in the pre-C and co-pre-post-C diagnosis.
Although the obligatory criterium of PVR �3 Wood units
seems to keep specificity for discrimination between pre-C
versus post-C PH even after lowering the definitive mPAP
threshold to 20mmHg, detection rates of pre-C phenotype
in 2.4% and co-pre-post-C in 1.2% of our patients with
mPAP �20mmHg seem to suggest that these dichotomiza-
tions might be unreliable.

Limitations

The lack of the analysis on prospective follow-up data
should be considered as the major limitation of this study.
Integrated registry data addressing the sources of the gaps in
the evidence, and potential solutions, such as the impact of
this re-definition on management algorithms including
appropriateness of RHC procedures, timing of targeted
therapies in borderline PAH or surgical endarterectomy in
chronic thromboembolic disease, and benefit from these
goal-oriented strategies across the different settings and
ages seem to be required.

In conclusion, the re-definition of mPAP threshold seems
to increase the frequency of the overall PH diagnosis which
is mainly originated from those in post-C PH subgroup
whereas its impact on pre-C and co-pre-post-C PH was neg-
ligible. The obligatory criterium of PVR �3 Wood units
seems to keep specificity for discrimination between pre-C
versus post-C PH after lowering the definitive mPAP thresh-
old to 20mmHg.

The detection rates of pre-C disease and co-pre-post-C
phenotypes even in patients with normal mPAP seem to
imply the need for reappraisal of currently used arbitrary
thresholds of hemodynamic measures definitive for these
phenotypes.

Conflict of interest

The author(s) declare that there is no conflict of interest.

Funding

Unrestricted scientific grant is utilized by Pharmactive
Pharmaceutical at the publication level of this research.

ORCID iD

Ismail Balaban https://orcid.org/0000-0002-1866-349X

References

1. Hatano S and Strasser T. Primary pulmonary hypertension:

report on a WHO meeting. Geneva, 15–17 October 1973.
2. Barst RJ, McGoon M, Torbicki A, et al. Diagnosis and dif-

ferential assessment of pulmonary arterial hypertension. J Am

Coll Cardiol 2004; 43: 40S–47S.
3. Badesch DB, Champion HC, Sanchez MA, et al. Diagnosis

and assessment of pulmonary arterial hypertension. J Am

Coll Cardiol 2009; 54: S55–S66.
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