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ABSTRACT

The past 20 years have seen major advances in
the diagnosis and management of pulmonary
hypertension, a disease associated with signifi-
cant morbidity and mortality. The 6th World
Symposium in Pulmonary Hypertension
(WSPH) took place in February 2018 and
attempted to consolidate the current knowledge
in the field into practical recommendations to
help prioritize an action plan to improve
patient outcomes and identify future research
directions. In this review, we will summarize
the highlights of the 6th WSPH proceedings,
including revisions to the hemodynamic defi-
nitions and classification of the various types of
pulmonary hypertension, genetic advances,

approaches to risk stratification, and updated
treatment algorithms.
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Key Summary Points

The hemodynamic definition of
pulmonary hypertension (PH) has been
revised to a mean pulmonary artery
pressure (mPAP)[20 mmHg.

Genetic studies have continued to reveal
novel genetic risk factors for pulmonary
arterial hypertension and pulmonary
veno-occlusive disease.

Patients with group 2 and 3 PH should not
be treated with PH specific therapy due to
high risk of complications.

Patients with chronic thromboembolic
disease should be referred early for
thromboendarterectomy. For patients
who are not candidates for surgery,
balloon angioplasty and/or medical
therapy should be considered.
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INTRODUCTION

Pulmonary hypertension (PH) continues to be a
rapidly evolving field with a myriad of diag-
nostic and therapeutic challenges for clinicians
and patients alike. Since the first World Sym-
posium in Pulmonary Hypertension (WSPH) in
1973, there has been a concerted effort by the
clinical and scientific community to review the
most important advances in the field and pro-
pose strategies to improve the quality of care
and accelerate research discovery in the field of
PH. In 2018, the 6th WSPH took place in Nice,
France, and major revisions were proposed to
the hemodynamic definitions and classification
of the various types of PH, genetics, and risk
stratification. This review will summarize the
major highlights from the 6th WSPH proceed-
ings and will inform practitioners of major
changes to diagnosis and management of PH
aimed at improving patient outcomes and
quality of life. This article is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors.

REVISIONS
TO THE HEMODYNAMIC
DEFINITION OF PH

While many aspects of classification, diagnosis,
and treatment of PH have been updated, per-
haps the most impactful change was the upda-
ted hemodynamic definition. Per the
proceedings, it was suggested that PH be now
defined as a mean pulmonary artery pressure
(mPAP) of[20 mmHg, a decrease from the
previous definition of mPAP C 25 mmHg [1].

The authors cited a number of reasons for
the change. They felt that the previous cutoffs
were chosen arbitrarily and were not based on
physiologic data. Previous studies have
demonstrated that a mPAP of 25 was greater
than two standard deviations above the norm
for the population. In a 2009 review of all
published data on pulmonary arterial pressures
in healthy individuals, a normal mPAP was
identified as 14 ± 3.3 mmHg [2], which led the

authors to suggest that a mPAP C 25 mmHg was
not necessarily inclusive of all individuals with
abnormally elevated pulmonary pressures. This
was also pointed out in the 5th WSPH but the
switch was not made mainly due to concern
about the consequences of over-diagnosing PH,
as well as the lack of evidence that patients in
the previously considered ‘‘borderline’’ range
(mPAP 21–24 mmHg) suffered worse outcomes.

The update to the hemodynamic definition
of PH was made at the 6th WSPH because four
studies now exist to suggest that patients with
pulmonary pressures[20 mmHg do suffer
from worse clinical outcomes. One study of
patients with systemic sclerosis found that 42%
of participants with mPAP 21–24 mmHg devel-
oped overt PH (mPAP C 25 mmHg)
over * 2 years of follow-up with * 14% suf-
fering deaths despite therapy. The authors argue
that this data suggest that PA pressures[2
standard deviations above the mean may be
associated with risk of future PH and increased
mortality, at least in the population with sys-
temic sclerosis [3]. Moreover, several larger
studies of the general population have recently
demonstrated worse survival in patients with
borderline PH [4, 5]. Given this new data, the
task force agreed that the evidence now exists to
include patients with mPAP[ 20 under the
diagnosis of PH.

The change has not been made without
resistance from experts in the field. Gibbs and
Torbicki published a rebuttal to the updated
proceedings in the European Respiratory Jour-
nal in February of 2019, arguing that the data to
support the change in the hemodynamic defi-
nition of PH are lacking [6]. They point out that
the addition of a category for ‘‘borderline PH’’
has been addressed at past symposia and that
the previous concern for overdiagnosis, which
led to its removal from the guidelines, remains
valid. They also argue that making this change
without data to suggest that treatment of
patients with a mPAP 21–24 mmHg improves
outcomes is premature. Their position that the
selected trials cited in the updated definition
tell us nothing about the vast majority of
patients of interest is not without merit as the
majority of the studies included populations
known to be at high risk for development of
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pulmonary arterial hypertension (PAH). Addi-
tionally, Gibbs and Torbicki argue that the two
standard deviations argument is not consistent,
since the pulmonary artery wedge pressure
(PAWP) and pulmonary vascular resistance
(PVR) cutoff values do not meet these same
criteria. In fact, some experts have argued for
also revising the PVR cutoff from C 3 Wood
units (WU) to 2 WU or even 1.5 WU, which
would potentially create another cohort of
patients who are being ‘‘missed’’ by both the old
and new hemodynamic definitions.

Since the publication of the 6th WSPH pro-
ceedings, several retrospective studies have
looked at how many patients were ‘‘missed’’ in
previous cohorts. Jaafar et al. looked retrospec-
tively at a cohort of patients at high risk for PH
who underwent right heart catheterization
(RHC) between 2005 and 2019 [7]. Of the 268
patients who underwent RHC, 137 (51%) were
originally diagnosed with various etiologies of
PH. When the new definition was applied
(mPAP[ 20 mmHg) retrospectively, seven out
of the 131 patients who previously did not meet
criteria for PH were retroactively diagnosed with
PH. These included one patient with PAH, three
patients with group 2 disease, and three patients
with group 3 disease. The authors noted that
the one PAH patient who was ‘‘missed’’ with the
prior definition had stable disease without signs
or symptoms of progression at 7 years after the
RHC. Interestingly, of the 124 who still did not
meet criteria for PH, 76 had a
mPAP[20 mmHg, but had PAWP B 15 and a
PVR\3 WU.

In addition to this major shift in mPAP cut-
off for PH diagnosis, PVR is now included in the
diagnostic criteria of all forms of PH. Previously,
PVR was only included in the definition of
group 1 PH. In addition, diagnosis of pre-capil-
lary PH, post-capillary PH, and combined pre-
and post-capillary PH has been revised and all
include a PVR cutoff in their definitions. Addi-
tionally, other forms of pre-capillary PH (group
3 and group 4) also include a PVR cutoff of C 3
WU in their definition. The details of the
hemodynamic diagnosis of these forms of PH
will be discussed later in this review.

While the implications of the new hemody-
namic definition are still beginning to unfold,

there continues to be uncertainty about how to
treat these patients. At the very least, they
should be followed closely at an expert center,
as they are at high risk for progression. Further
studies are needed to better define the new
population of patients with mPAP 21–24 and to
elucidate which patients will benefit from
treatment.

ADVANCES IN THE GENETIC BASIS
OF PAH AND PVOD

With the development of cutting-edge genetic
research methods, the scientific community’s
understanding of the complex genetic under-
pinnings of PH has grown exponentially. High-
throughput sequencing in recent years has
improved understanding beyond the well-de-
scribed BMPR2 mutation to include new
potential pathologic mechanisms for herita-
ble PAH (HPAH). As technology continues to
identify new heritable pathways and therapeu-
tic targets, an age of personalized genetic-based
therapies for PH is on the horizon.

The identification of BMPR2 in 2000 by two
independent groups was the opening salvo for
the age of genetic medicine in PH [8]. Almost
20 years later, it is estimated that BMPR2
mutations account for * 80% of heritable and
* 20% of idiopathic PAH (IPAH) [9]. Several
proteins within the BMPR2 signaling pathway
have also been sequenced after pedigree con-
struction in affected families and linked to PAH,
including ALK1/ACVRL1 (a heterodimeric part-
ner of BMPR2), BMP9 (a BMPR2 ligand), ENG (a
coreceptor for BMPR2 signaling) and SMAD1, 4,
and 9 (downstream BMP signaling molecules)
[10–14]. Whole exome sequencing (WES) in
families with PH has led to the discovery of
CAV1 a protein involved in membrane local-
ization of BMPR2 and nitric oxide (NO) meta-
bolism [15]. Interestingly, low protein
expression of BMPR2 and CAV1 is found in the
absence of genetic mutation in patients with PH
without heritable PAH, implying processes
beyond simple genetic makeup, which are at
play in differential protein expression in PAH
[16, 17]. It is unclear if wild-type BMPR2 is
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expressed in the setting of heterozygosity which
may confer a milder phenotype.

WES was also used to identify KCNK3, a
potassium channel responsible for regulating
resting membrane potential and pulmonary
vascular tone in PAH patients. More recently,
mutations in TBX4 (a gene linked to small
patella syndrome) has been identified as a cause
of PAH in pediatric patients with hereditary and
IPAH [18, 19]. Recently, WES in children
demonstrated that after BMPR2 mutations,
TBX4 variants confer the highest degree of
genetic risk in childhood-onset PAH [20].
Finally, two groups in 2014 independently
identified mutations in EIF2AK4 as causative
mutation of pulmonary capillary heman-
giomatosis (PCH) and pulmonary veno-occlu-
sive disease (PVOD) [21, 22]. If present and
biallelic, this mutation is 100% penetrant and is
sufficient for diagnosis of these conditions
without the necessity of a lung biopsy.

Beyond WES, whole genome sequencing
(WGS) has recently been applied to screen for
pathogenic genetic variants in large populations
of PAH patients. A study of 1048 patients found
novel mutations in GDF2 (which codes for
BMP9), ATP13A3, AQP1, and SOX17, though
the specific pathogenic mechanism of the last
three of these genes in HPAH is not yet under-
stood [23]. In addition to genomic DNA, a
recent study has now shown that mitochondrial
DNA of certain haplogroups shows a proclivity
for protection or propensity for the develop-
ment of PAH [24]. As sequencing technology
becomes faster, inexpensive and readily avail-
able new mechanisms for the development of
PAH will reveal themselves and hopefully pro-
vide researchers with novel therapeutic targets.

Many processes associated with translation
and post-translational modifications have been
implicated in the genetics of PH. Micro (mi)
RNA expression is known to play a role in car-
diovascular disease, and there are known miR-
NAs which play a role in BMPR2 mRNA
degradation, NFAT activation, and PASMC pro-
liferation currently under investigation [25].
Type I HDACs have been shown to be associated
with PASMC proliferation as well, though DNA
acetylation and methylation remain areas of
active preclinical studies [26, 27].

The importance of discussing the results of
genetic screens with patients and families is
critical. The psychosocial concerns of genetic
screening for a disease for which there is no
prevention and no cure presents unique chal-
lenges to patient counseling and calls into
question the utility of testing outside of specific
circumstances. Given the intricacies of the
heritable nature of certain types of PAH, it is
recommended that genetic screening be done
with a multidisciplinary team involving a
geneticist as well as PH expert to discuss the
benefits of testing to the patient and the choice
of gene panel (e.g., commercially available
panels, WES or WGS).

RISK STRATIFICATION OF PH
PATIENTS

There are several well-validated risk stratifica-
tion tools for patients with PAH that have been
developed through retrospective analysis of
large patient registries (Table 1). These tools use
a variety of data points including demograph-
ics, functional status, laboratory values, and
hemodynamic data to sort patients into low-,
intermediate-, or high-risk categories. These
categories serve as a framework for choosing an
initial treatment strategy and can be measured
longitudinally to assess response to treatment as
well as disease progression.

The Registry to Evaluate Early and Long-
Term PAH Disease Management (REVEAL) risk
stratification tool uses 12–14 variables to cal-
culate risk of 1-year mortality. It has been
shown to be predictive of survival at baseline
[28], at 1-year follow-up [29], and at 5 years [30].
The recently published REVEAL 2.0 calculator
has been shown to predict clinical worsening
and mortality in patients with PAH who have
survived at least 1 year from initial enrollment
in the cohort [31]. A European group has also
developed a risk-stratification tool using a large
PH registry called Comparative, Prospective
Registry of Newly Initiated Therapies for Pul-
monary Hypertension (COMPERA) [32]. The
COMPERA tool uses fewer data points [8] than
REVEAL, but it classifies patients into low-,
intermediate-, and high-risk categories with
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similar efficacy as the REVEAL score [33]. The
Swedish PAH Registry (SPAHR) [34] and French
Pulmonary Hypertension Network (FPHN) [35]
have developed similar tools by using data from
large registries.

All of these risk stratification tools have
similar efficacy in stratifying patients into low-
(\5%), intermediate- (5–10%), and high-risk
([10%) of mortality at 1 year. Regardless of
which tool a clinician chooses, they all seem to
have comparable efficacy for identifying
patients at high risk. Along with experience and
clinical judgement, these tools can provide
valuable insight into prognosis and treatment
decisions. However, these risk stratifications
have a number of limitations, including the use
of retrospective data, non-modifiable risk fac-
tors, and data points that are not routinely
collected in PAH patients [33]. Independent of
which tool is chosen, their application will help
the practitioner identify patients at high risk of
1-year mortality and should help prioritize
therapy and transplant referral when
appropriate.

TREATMENT ALGORITHM: GROUP
1 PAH

The 6th WSPH provided updated guidance on
treatment strategies for group 1 PAH (Fig. 1).
The task force recommends vasoreactivity test-
ing be performed only in patients with IPAH,
HPAH, and PAH associated with drugs and
toxins. Vasoreactive patients should be treated
with calcium channel blocker (CCB)
monotherapy, progressively titrated to high
doses under the supervision of a PH expert. For
non-vasoreactive low- and intermediate-risk
patients, initial oral combination therapy with
an endothelin receptor antagonist (ERA) and a
phosphodiesterase-5 inhibitor (PDE5i) is the
treatment of choice. The AMBITION trial ran-
domized 500 patients to receive either up-front
combination therapy with ambrisentan and
tadalafil vs. monotherapy with either drug plus
placebo. The patients who received the combi-
nation therapy were shown to have signifi-
cantly decreased rates of clinical failure events
[36] (a composite endpoint of death from any
cause, hospitalization for worsening PAH, dis-
ease progression, and unsatisfactory clinical
response). Sitbon et al. [37] looked

Table 1 A simplified approach for risk stratification in group 1 pulmonary arterial hypertension

Prognostic
criteria

Low risk Intermediate risk High risk

WHO

functional

class

I, II III IV

6-min walk

distance

(6MWD)

[ 440 m 165–440 m \ 165 m

NT-proBNP

BNP

\ 300 ng/ml

\ 50 ng/l

300–1400 ng/ml

50–300 ng/l

[ 1400 ng/ml

[ 300 ng/l

RAP \ 8 mmHg 8–14 mmHg [ 14 mmHg

CI C 2.5 l/min/m2 2.0–2.4 l/min/m2 \ 2.0 l/min/m2

ScvO2 [ 65% 60–65% \ 60%

Low risk: at least three low-risk

criteria and no high-risk criteria

Intermediate risk: definitions of

low or high risk not fulfilled

High risk: at least two high-risk

criteria including CI or ScvO2
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retrospectively at a cohort of 97 patients who
were treated with up-front combination therapy
(bosentan or ambrisentan plus sildenafil or
tadalafil), and found that all regimens were
associated with improved functional class,
6MWD, and hemodynamic variables at
4-month follow-up. At further follow-up (mean
time 30 months), these patients had much
higher survival rates that were initially calcu-
lated by the FPHN risk-stratification score [37].
For high-risk patients, first-line therapy is an
intravenous prostacyclin analogue (PCA) (alone
or in combination), which has been shown to
have a mortality benefit. Finally, the task force
recommends that monotherapy should only be
used under certain circumstances [33] and
should not be a substitute for combination
therapy when appropriate.

Patients should be re-evaluated 3–6 months
after initiation of therapy. Achieving a low-risk
status is ideal and these patients should con-
tinue on the chosen therapy. For patients who
are at intermediate risk after the initial treat-
ment period, escalation to double or triple

combination therapy is recommended. For
patients who are high risk after the initial
treatment period, escalation to maximal medi-
cal therapy (including intravenous PCA) is
warranted. Any patient who is on maximal
medical therapy should be referred for lung
transplant evaluation.

UPDATE ON GROUP 2 PH

It is well known that patients with left heart
disease (LHD) commonly have comorbid ele-
vations in their right-sided pressures [38]. Usu-
ally, these elevations in mPAP are secondary to
pulmonary venous congestion secondary to
elevated left-sided pressures and do not repre-
sent a separate disease entity. However, there is
a subset of LHD patients that exhibit significant
PH in the setting of severe right ventricular
failure and elevated PVR, which has led to the
term combined pre- and post-capillary pul-
monary hypertension (Cpc-PH). In heart trans-
plant patients, elevations in pre-transplant PVR

Fig. 1 Treatment algorithm for group 1 pulmonary arterial hypertension
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have been independently associated with
increased 30-day post-transplant mortality [39].
Interestingly, increased mortality in transplant
patients with elevated pre-transplant PVR was
similar in patients with mPAP 20–24 mmHg.
Regarding the pathology of Cpc-PH, one
autopsy study that looked at the pulmonary
vasculature of patients with heart failure repor-
ted that the severity of PH correlated most
strongly with pulmonary venous and small
indeterminate vessel intimal thickening [40].
Interestingly, this was very similar to findings
seen in patients with PVOD, though notably
less severe.

Based on available evidence, the 6th WSPH
task force updated the hemodynamic definition
of group 2 PH to further define the distinct
clinical phenotypes of PH due to LHD (PH-
LHD).

• Isolated post-capillary PH (IpcPH) (i.e., pul-
monary venous hypertension)

– mPAP[20 mmHg
– PAWP[15 mmHg
– PVR\3 WU

• Combined post-capillary and pre-capillary
PH (CpcPH) (i.e., out of proportion PH)

– mPAP[20 mmHg
– PAWP[15 mmHg
– PVR C 3 WU

Importantly, the committee no longer rec-
ommends using diastolic pressure gradient
(DPG) [DPG = diastolic pulmonary artery pres-
sure (dPAP) - PAWP] to help define PH-LHD
and advices on relying on PVR and the
transpulmonary gradient (TPG, mPAP-PAWP).

The 6th WSPH recognizes that PH-LHD
patients are a heterogenous population with a
variety of comorbidities and risk factors. As
such, the committee recommends a three-step
approach to diagnose patients with PH-LHD (or
alternative etiologies of PH). First, clinicians
should classify PH-LHD patients into three dis-
tinct clinical phenotypes: PH due to heart fail-
ure with preserved ejection fraction (PH-
HFpEF), PH due to heart failure with reduced
ejection fraction (PH-HFrEF), and PH due to
valvular heart disease (PH-VHD) [38]. Second,

clinicians should determine the pre-test proba-
bility of a patient having PH-LHD, by looking at
a variety of risk factors that increase the risk of
having LHD. These risk factors include older
age, elements of the metabolic syndrome, atrial
fibrillation, and results from cardiac testing
including EKG, echocardiogram, and cardiac
MRI. Third, in patients with intermediate and
high probability of PH-LHD, clinicians should
proceed with hemodynamic evaluation prior to
any attempts at using PH-specific therapies.

RHC continues to be the gold standard for
diagnosing PH. In patients with LHD, there can
be a number of confounding variables (such as
atrial fibrillation and large V waves), which can
make the interpretation of RHC data difficult.
As such, the task force recommends that RHCs
be done at expert centers. The task force also
recognizes that RHC results can be equivocal in
some cases. In these cases, a fluid loading chal-
lenge could be useful (500 ml over 5 min), since
a PAWP[18 mmHg immediately after fluid
administration is considered abnormal.

Regarding treatment options, the 6th WSPH
task force reviewed all available literature on PH
specific therapy in PH-LHD, and found no
definitive evidence that PH specific therapies
provide benefit in PH-LHD [38]. In fact, multi-
ple studies have shown that PH-specific thera-
pies could be harmful in PH-LHD. The
MELODY-1 trial randomized patients with Cpc-
PH to receive macitentan or placebo, and found
that patients in the macitentan arm were more
likely to retain fluid and be hospitalized than
patients in the placebo arm [41]. The SIOVAC
trial randomized patients who had corrected
valvular heart disease (VHD) and persistent PH
to receive either sildenafil or placebo [42].
Patients in the sildenafil arm had worse clinical
outcomes compared to placebo. Based on these
trials and others, the 6th WSPH task force issued
a strong recommendation against all PH specific
therapies for group 2 PH [38].

UPDATE ON GROUP 3 PH

PH is a common comorbid condition in patients
with many forms of chronic lung disease (CLD)
[43]. CLD-associated pulmonary hypertension
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(CLD-PH) has been shown to be associated with
reduced functional status and worse outcomes
[44, 45]. The most well characterized CLD-PH
entities are chronic obstructive pulmonary dis-
ease (COPD), the idiopathic interstitial pneu-
monias (IIP) including idiopathic pulmonary
fibrosis (IPF), and sarcoidosis. In one retrospec-
tive study of patients with Global Initiative for
Chronic Obstructive Lung Disease stage IV
(GOLD IV) COPD [46], many patients had a
mean pulmonary artery pressure
(mPAP)[20 mmHg, but only 2.7% had
mPAP[40 mmHg. Many of these patients with
severe PH (mPAP[ 40 mmHg) had other iden-
tifiable causes of PH, such as pulmonary
embolism (PE). PH is also common in patients
with IPF and other IIPs. Prevalence in this
population ranges from 8% to 45% depending
on severity of the CLD [47–49]. Severe PH
(mPAP[ 40 mmHg) is relatively uncommon,
occurring in\10% of patients with IPF referred
for lung transplant [47]. PH is also common in
patients with combined pulmonary fibrosis and
emphysema (CFPE)[50] and sarcoidosis [51]. It
has also been described in patients with lym-
phangioleiomyomatosis (LAM), pulmonary
Langerhans cell histiocytosis (PLCH), bron-
chopulmonary dysplasia, cystic fibrosis (CF),
and lung cancer [43].

The 6th WSPH recommends the following
hemodynamic definitions of CLD-PH [43]:

1. CLD without PH (mPAP\21 mmHg, or
mPAP 21–24 with PVR\3 WU).

2. CLD with PH (mPAP 21–24 mmHg with
PVR C 3 WU, or mPAP 25–34) (CLD-PH).

3. CLD with severe PH [mPAP C 35 mmHg, or
mPAP C 25 mmHg and low cardiac index
(CI) (\ 2.0 l/min/m2)] (CLD-severe PH).

The 6th WSPH committee recognizes that
distinguishing between group 1 and group 3 PH
can be very challenging. Certain features favor a
diagnosis of group 1 PAH, including mild lung
disease (FEV1[60%, FVC[ 70%) and more
severe PH. Conversely, more severe lung disease
(FEV1\60%, FVC\ 70%) and milder PH
favors a diagnosis of group 3 PAH. As with other
types of PH, if there is diagnostic uncertainly or
severe disease, the patient should be referred to
an expert center. Echocardiography remains the

best non-invasive measure to screen for CLD-
PH. Other tests, including plasma levels of brain
natriuretic peptide (BNP) or N-terminal pro-BNP
(NT-proBNP), and increased ratio of the main
pulmonary artery to ascending aorta diameter
[52], can be suggestive of CLD-PH. RHC is rec-
ommended in patients with CLD when signifi-
cant PH is suspected and the clinician suspects
that the diagnosis will change management
[43].

In all patients with CLD-PH, the lung disease
should be treated according to current guide-
lines. Oxygen should be given to patients when
indicated (i.e., resting oxygen satura-
tion B 88%). With regards to PH-specific treat-
ment, the data is quite heterogenous. While
there are some data that suggest PH-specific
therapy may improve hemodynamics [53],
symptoms and 6MWD [54] in COPD-PH
patients with a mPAP C 35 mmHg, the 6th
WSPH does not make specific treatment rec-
ommendations. There is similar heterogeneity
of treatment data in patients with IIPs, and the
6th WSPH does not make specific recommen-
dations for treatment.

There are two important trials which show
harm for PH-specific therapies in CLD-PH. The
ARTEMIS trial was stopped early after patients
in the ambrisentan group were more likely to
have disease progression [48]. In the RISE-IIP
trial, there was increased mortality and serious
adverse events in the riociguat group [55]. Based
on the results of these two trials, ambrisentan
and riociguat are contraindicated in IPF and IIP,
respectively.

There are minimal data on efficacy of PH-
specific treatment in sarcoidosis and the other
CLDs. The general recommendations for
patients with CLD-PH by the 6th WSPH are as
follows [43]:

1. For patients with mild lung disease and
severe PH, the distinction between group 1
and group 3 disease is critical, and these
patients should be referred to an expert
center.

2. No PH-specific therapy is recommended in
patients with severe lung disease and less
severe PH (mPAP 21–24 with PVR C 3 WU,
or mPAP 25–34 mmHg).
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3. Patients with severe lung disease and severe
PH (mPAP C 35 mmHg) should be referred
to an expert center for ‘‘individualized
patient care’’.

4. Patients with ‘‘end-stage’’ lung disease and
PH should also be referred to an expert
center for care. Extraordinary measures such
as extracorporeal membrane oxygenation
(ECMO) and mechanical ventilation should
only be used as a bridge to lung
transplantation.

PH has also been observed in patients with
hypoventilation and hypoxia. PH in patients
with obstructive sleep apnea (OSA) is rare and
usually mild. Interestingly, PH is much more
common in patients with obesity hypoventila-
tion syndrome (OHS) and is often severe,
marked by chronic right ventricular failure and
poor outcomes [56]. The treatment for both
OSA and OHS associated PH is non-invasive
ventilation.

UPDATE ON GROUP 4 PH

Chronic thromboembolic pulmonary hyper-
tension (CTEPH) is a possible sequelae of acute
PE, with an estimated incidence between 0.4%
and 6.2% [57]. Interestingly, not all patients
found to have CTEPH have a history of acute
PE. While the exact pathogenesis of CTEPH is
unknown, it is characterized by acute throm-
boembolism progressing to chronically orga-
nized thromboembolic material and associated
vascular remodeling [57]. There are various
factors that likely contribute to the progression
to CTEPH, including disturbances in angio-
genesis (which is an important step in
recanalization), fibrinolysis, and the endothe-
lium [58].

Ventilation/perfusion (V/Q) scan remains
the diagnostic test of choice for CTEPH. Once
the diagnosis of CTEPH has been made, com-
puted tomography of the pulmonary arteries
(CTPA) and pulmonary angiography can be
useful for surgical planning. Patients with
CTEPH require lifelong anticoagulation. Vita-
min K antagonists (such as warfarin) have his-
torically been the mainstay of treatment;

however, the 6th WSPH task force recognizes
that there is minimal evidence to suggest that
one class of anticoagulant is better than another
(i.e., the newer oral anticoagulants).

All patients with a diagnosis of CTEPH
should be referred to an expert center for eval-
uation for pulmonary endarterectomy, which is
the recommended first-line treatment. Exact
criteria for operability are institution-specific,
but clear disease concordance on imaging,
bilateral lower lobe disease, better functional
class, absent signs of right heart failure and lack
of significant medical comorbidities are all signs
of a favorable risk–benefit assessment for pul-
monary endarterectomy [57].

About 40% of patients with CTEPH are
deemed to be non-operable [59]. These patients
do have options for PH-directed medical ther-
apy. The CHEST-1 trial randomized patients
with non-operable CTEPH or persistent PH after
PEA to receive either riociguat or placebo [60].
Patients in the riociguat arm had significant
improvement in exercise capacity and PVR.
Riociguat is currently the only FDA-approved
medication for the treatment of CTEPH. Other
randomized controlled trials have looked at
bosentan [61] and macitentan [62] in non-op-
erative CTEPH, with some benefits in hemody-
namics and 6MWD, but these medications are
not routinely used.

Balloon pulmonary angioplasty (BPA) is an
emerging therapy for CTEPH. This procedure
involves the endovascular insertion of a balloon
into the CTEPH lesions, with dilation leading to
recanalization of the pulmonary arteries. The
procedure is technically challenging, and
should only be performed at high-volume cen-
ters, where it remains an option for some
patients with non-operable CTEPH.

Chronic thromboembolic disease (CTED) is
an emerging clinical entity which has created
some confusion in the PH community. CTED
is defined as perfusion defects on V/Q scan
accompanied by symptoms (dyspnea, exercise
limitation, etc.), but without hemodynamic
evidence of PH at rest [57]. Some possible eti-
ologies of the symptoms patients with CTED
experience include abnormal pulmonary vas-
cular response to exercise [63] and increased
dead space ventilation [64]. There is currently
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no evidence that CTED evolves into CTEPH,
but there is some data that suggests that
selected patients with CTED may have
improved exercise capacity after PEA [65].
However, the 6th WSPH task force warns that
the CTEPH treatment guidelines should not be
applied to CTED.

UPDATE ON GROUP 5 PH

The 6th WSPH again considered group 5 PH to
be an area in need of further study. The group,
classified as ‘‘Pulmonary Hypertension with
unclear and or multi-factorial mechanisms’’
since the 4th WSPH represents a group of dis-
eases in which affected individuals are at
increased risk for PH compared to the general
population. Noteworthy changes following the
6th WSPH mainly revolve around the removal
of certain clinical conditions as potential cau-
ses of PH. Specifically, splenectomy and thy-
roid dysfunction have both been removed as
clinical conditions that are associated with PH
in isolation and are now considered risk factors
for PH. The committee recommends main-
taining adequate control of an individual’s
thyroid dysfunction when treating PH. LAM
has also been removed from group 5 and has
been re-classified in group 3. Further studies in
the LAM population have suggested that
severity of PH is usually mild and that it cor-
relates with the degree of lung dysfunction
[66].

CONCLUSIONS

In this review, we discussed the recent updates
to the hemodynamic definition of PH, recent
advances in genetics, risk stratification strate-
gies, and general updates in the classification
and treatment of all five groups of PH. As the
field of PH is constantly growing, we anticipate
that discoveries will continue at an advanced
pace. Therefore, practitioners should remain
attentive as studies aimed at elucidating the
impact of the new hemodynamic definition PH
are being conducted to inform on the approach

to take when dealing with this new subset of
patients with mPAP[20 but\25 mmHg.
Regardless of the outcome of these studies,
practitioners have a toolkit at their disposal to
help treat PH patients and ensure appropriate
care at all stages of the disease.
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