Non-Group 1 Pulmonary Hypertension Associated With
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Background: Systemic sclerosis (5SSc) is a heterogeneous disorder that results in
multiorgan dysfunction. The most common pulmonary manifestations are pulmo-
nary hypertension (PH) and interstitial lung disease (ILD). Systemic sclerosis may
be complicated by World Health Organization (WHO) Group 1 PH (SSc-PAH),
which is the most well-studied subtype. The PH associated with SSc may also be
secondary to underlying left heart disease (SSc-PH-LHD) or ILD (SSc-PH-ILD),
and these subgroups are classified as WHO Group 2 and Group 3 PH, respectively.
These non-WHO Group 1 PH subsets are notoriously under-studied. Available
data suggest that the impact of PH-specific therapy in SSc-PH-LHD and SSc-PH-
ILD is limited and survival is poor despite attempted treatment.

Implication for clinicians: Most research and clinical trials surrounding PH in

SSc have thus far focused on WHO Group 1 SSc-PAH. There are limited data
surrounding therapeutic options for WHO Group 2 (SSc-PH-LHD) and Group 3
PH (SSc-PH-ILD) phenotypes. This review aims to summarize and consolidate the
data surrounding these 2 distinct clinical phenotypes and to emphasize the available
prognostic and treatment considerations.

Conclusions: Given the unique pathophysiology, prognostic implications, and poor
response to treatment of WHO Group 2 and 3 SSc-PH phenotypes, there is an
overwhelming need for more data to best understand optimal management strate-
gies. The focus should be individual patient-level prognostication, how and when to
initiate and manage PH-specific therapy, and appropriate triage with regard to the

timing of lung (or heart-lung) transplantation.

Systemic sclerosis (SSc) is a heteroge-
neous disorder characterized by en-
dothelial and fibroblast dysregulation, as
well as immune dysfunction leading to
excess of collagen deposition resulting
in fibrosis of multiple organ systems.'
Systemic sclerosis may manifest as either
limited cutaneous or diffuse cutaneous
SSc; the latter typically has more exten-
sive skin fibrosis and organ involvement.
Beyond the skin, commonly involved
organ systems include renal, cardiac,
gastrointestinal, and pulmonary systems.
Pulmonary involvement is the leading
cause of mortality in SSc and occurs
most frequently in the form of intersti-
tial lung disease (ILD) and/or pulmo-
nary hypertension (PH). Interstitial
lung disease is more common in diffuse
SSc,? while those with limited SSc have
a higher likelihood of developing PH.?

Over time, both PH and pulmonary
fibrosis (PF) have emerged as leading
causes of death in SSc.*

Not all PH associated with SSc
falls under World Health Organiza-
tion (WHO) Group 1 (SSc-PAH).
Significant portions have underlying
left heart disease (SSc-PH-LHD) or
ILD (SSc-PH-ILD) associated with
PH and are categorized under WHO
Group 2 and Group 3 PH, respectively.
Of these, SSc-PAH has been the most
extensively studied. When compared to
idiopathic pulmonary arterial hyperten-
sion (IPAH), SSc-PAH carries a 3-fold
increased risk of death and a worse
response to PH-specific therapy despite
having more favorable baseline hemo-
dynamics.’ The ASPIRE registry (UK
experience) reports a 3-year survival rate

of 63% for IPAH compared to 52% for
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SSc-PAH.’ The 3 different types of PH
associated with SSc are distinct clinical
entities and require special consideration
for prognostication and management.
This review aims to discuss the evidence
surrounding the 2 less well-studied
subgroups of SSc-PH: SSc-PH-LHD
(WHO Group 2) and SSc-PH-ILD
(WHO Group 3).

GROUP 3 PH IN SCLERODERMA
(SSC-PH-ILD)

Epidemiology and Prognostic Implications
Interstitial lung disease is a well-recog-
nized complication of several connective
tissue diseases (CTD). Studies of radi-
ographic features, pulmonary function
test (PF'T) parameters, and pathologic
abnormalities suggest that ILD is the
most common pulmonary manifesta-
tion of SSc, with approximately 40%

of patients demonstrating a restrictive
pattern on PE'Ts and up to 90% having
pathologic evidence of PF at the time of
autopsy.7’8 Radiographic features of ILD

on high-resolution computed tomog-
g p g
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raphy (HRCT) chest scans are present
in 55% to 65% of SSc cohorts and in
96% of those with restrictive pulmonary
function testing.7‘9

The prevalence of SSc-ILD with PH
is reported as 18% to 22%, which is sim-
ilar to the prevalence of SSc-PAH, and
is consistent among similar cohorts.'>"
In the ASPIRE registry of 323 patients
with PH associated with a CTD (83%
of which were SSc), 31% had PH-ILD.®
SSc-PH-ILD appears to be associated
with an older age at diagnosis, severe
restriction (forced vital capacity <50%),
and a lower arterial oxygen tension
compared to SSc-PAH.™" It should
be noted that HRCT chest features of
ILD, such as septal lines and/or centri-
lobular ground glass opacities, may also
be present in WHO Group 1 PAH,
perhaps making the distinction between
SSc-PAH and SSc-PH-ILD challeng-
ing.12

Interstitial lung disease in general
requires good therapeutic triage, which
includes prognostication and timing
of listing for lung transplantation. The
reported median survival for SSc-ILD is
5 to 8 years after diagnosis.” It remains
well established that the presence of
pulmonary vascular disease is a poor
prognostic factor in fibrotic lung disease.
In fact, an elevated systolic pulmonary
artery pressure (sPAP) and pulmonary
vascular resistance (PVR) determined
by right heart catheterization (RHC)
in idiopathic pulmonary fibrosis (IPF)
correlates inversely with survival, while
pulmonary function parameters have
generally not predicted mortality."* Sim-
ilarly, the prognosis for SSc-ILD com-
plicated by PH is particularly grim.15

There are some conflicting data
regarding mortality when SSc-PAH is
compared to SSc-PH-ILD; however,
the majority of cohorts demonstrate
significantly increased mortality in
SSc-PH-ILD. Chang et al noted no
significant difference in survival between
SSc-PAH (defined by echocardiogra-
phy) and SSc-PH-ILD." In contrast, a
multivariate analysis showed that SSc-
PH-ILD (defined by RHC parameters)
was found to be associated with a 5-fold
increase in mortality when compared
to SSc-PAH." The same study noted a
3-year survival rate of 64% in SSc-PAH

compared to 39% in SSc-PH-ILD. The
difference in reported mortality be-
tween these 2 studies was likely because
estimates of right ventricular systolic
pressure (RVSP) by echocardiography
are not as accurate or precise as RHC
measurements, especially in the set-
ting of parenchymal lung disease.” In
support of the latter study, Condliffe et
al reported a 3-year survival rate of 47%
in SSc-PAH compared to 28% in SSc-
PH associated with respiratory disease
in a UK registry approach."” Similarly,
the ASPIRE registry reported a 3-year
survival rate of 54% for Group 1 PAH
associated with CTD in contrast to 40%
for PH-ILD associated with CTD.®
These reported differences in mor-
tality rates highlight the importance
of defining and understanding the
combined PH-ILD phenotype in SSc.
Unfortunately this subset is routinely
excluded from clinical trials of PH-spe-

cific therapy.

Pathophysiology

The pathophysiology of PH in chron-
ic lung disease is complex and poorly
understood. Prior studies have postu-
lated that hypoxic vasoconstriction and
chronic inflammation lead to increased
tone and muscularization of small
pulmonary arteries resulting in epithelial
damage, small vessel destruction, and
fibrosis. Thus, chronic hypoxemia may
trigger vascular remodeling resulting in
increased PVR." In IPF, the resultant
epithelial damage from chronic hypox-
emia and lung architectural distortion
has been shown to result in fibroblast
activation and eventual endothelial
apoptosis, resulting in decreased vascular
density and the release of growth factors
that promote vascular remodeling.””!
Higher serum levels of endothelin-1
(ET-1), a potent vasoconstrictor known
to enhance mitogenesis and promote ex-
tracellular matrix formation, were found
to be associated with higher sPAP and
PVR in IPFE.* In SSc, the underlying
mechanisms that drive PH appear to be
even more complex. Chronic inflamma-
tion and oxidative damage from immune
complex-mediated endothelial injury
are thought to contribute to damage

of the extracellular matrix. In addition,
autoantibodies may promote endothelial
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apoptosis resulting in destruction of the
vascular bed.” Increased plasma ET-1
levels in SSc also likely contribute to the
vasoconstriction and vascular remodel-
ing causing PH.**

Several groups have noted differences
in mortality rates and response to treat-
ment in SSc-PAH when compared to
IPAH. These findings may be explained
by the underlying vascular pathology.
Overbeek et al examined the pulmonary
microcirculation and determined that
both IPAH and SSc-PAH demonstrated
arteriopathy; however, SSc-PAH was
distinguished by the lack of plexiform
lesions and the presence of a super-
imposed veno-occlusive pattern with
capillary duplication.25 In another study
of CTD-associated PH, similar vascular
pathology was noted.” Colombat et al
also reported veno-occlusive pathology
in architecturally preserved areas of IPF
lungs, but they were unable to find a re-
lationship between this pathologic lesion
and RHC-determined PH.?” While pul-
monary veno-occlusive disease (PVOD)
and pulmonary capillary hemangioma-
tosis (PCH) are each distinctly classified
as their own subgroup within WHO
Group 1 PH, components of their
unique histopathology may also be seen
in PH associated with SSc and other
CTDs. Capillary duplication (defined as
an abnormal proliferation of capillaries
more than 2 layers thick), which charac-
terizes PCH, has also been described in
the context of PVOD, presumably as a
secondary consequence of downstream
obstruction.?® There is therefore consid-
erable heterogeneity in the pathogenic
basis for PH in the setting of SSc-

ILD and the defining elements remain
unknown. Similar to IPF, parenchymal
fibrosis and chronic inflammation may
lead to destruction of the pulmonary
vasculature and/or hypoxia-induced vas-
cular remodeling. In addition, a distinct
fibroproliferative vasculopathy affecting
the entire pulmonary microcirculation
may be present. It remains unclear if a
histopathologic element of the pulmo-
nary microcirculation exists that distin-
guishes SSc-ILD with, as compared to
without, PH. Finally, it is notoriously
difficult to study vascular remodeling
in the setting of fibrotic lung disease

because of difficulty in distinguishing
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small arteries and veins due to loss of
normal lung architecture.” In order to
overcome this obstacle and adequately
examine the vascular bed, studies need
to be done on whole lung specimens
from SSc-ILD patients, perhaps with
a focus on the architecturally preserved
areas of lung tissue.

Pulmonary hypertension in the setting
of SSc-ILD is often “out of propor-
tion” to that expected from SSc-ILD
based on the severity of the ILD alone.
A significant portion (up to 25%) of
patients with SSc-PH-ILD have a mean
pulmonary artery pressure (mPAP) >35
mm Hg,” suggesting an underlying
combined pathology derived from both
SSc-PAH and SSc-1LD. The multifac-
eted pathophysiology and lack of sound
studies on pathology cohorts of SSc-
PH-ILD highlight the special consider-
ation and expertise necessary to consider
PH-specific therapy in such patients. It
also emphasizes the need for more data
regarding the changes in the pulmonary
microcirculation, which are inherent to
the development of clinical PH.

Treatment Considerations

There is limited evidence supporting the
use of PH-specific therapy in SSc-PH-
ILD. This subgroup is often excluded
from studies because of a fear that the
use of pulmonary vasodilators may
increase ventilation/perfusion (V/Q)
mismatch by disabling the protective
mechanism of pulmonary hypoxic
vasoconstriction. Thus, while PH-spe-
cific therapy could potentially improve
pulmonary hemodynamics, arterial
oxygenation may be compromised.’
This concern is reflected in the fact that
pulmonary vasodilators, particularly
prostanoids, are rarely used in SSc-PH-
ILD cohorts.* Several studies have
propagated this concern. For example,
in the Artemis IPF study, the investiga-
tors aimed to determine if ambrisentan
would reduce the rate of IPF progres-
sion. The study was terminated early
due to unacceptable disease progression
and respiratory hospitalizations in the
group treated with ambrisentan; this
finding was independent of the presence
of PH.*”> A study of acute administration
of sildenafil in PH secondary to ILD

was reported and compared to inhaled
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nitric oxide and intravenous (IV)
epoprostenol. It was noted that while
all 3 interventions decreased PVR, IV
epoprostenol worsened both oxygenation
and V/Q_matching, while sildenafil and
inhaled nitric oxide improved oxygen-
ation and maintained V/Q_matching.”
In support of these data, the STEP-
IPF trial showed that in advanced IPF,
sildenafil improved oxygenation com-
pared to placebo, but did not improve
the primary endpoint of 6-minute walk
distance (6MWD).* Interestingly, a
subgroup analysis of the STEP-IPF
study demonstrated that sildenafil (com-
pared to placebo) significantly improved
6MWD in the cohort of IPF patients
with right ventricular (RV') dysfunction
at baseline.* Another study of acute
administration of parenteral prostacyclin
analogs in PH secondary to fibrotic lung
disease showed a decrease in mPAP with
an associated worsening V/Q_mismatch
and hypoxemia. In the same study,
inhaled prostacyclin analogs did not
worsen oxygenation or V/Q_matching.*
Thus, in the setting of PF with PH,
sildenafil and inhaled prostacyclins may
have relatively favorable profiles with
regard to pulmonary hemodynamics and
oxygenation, compared to parenteral
prostacyclins.

As discussed, SSc-PAH appears to
be characterized by a distinct pan-vas-
culopathy with PVOD-like lesions.” It
is possible that similar pathology plays
a role in SSc-PH-ILD and may be
responsible for the detrimental effect
of parenteral prostanoid therapy in this
subgroup. Montani et al reported the
development of pulmonary edema with
different classes of PH-specific therapy
in classic PVOD.* The putative mech-
anism suggests PH-specific therapy
promotes vasodilation in the precapil-
lary bed and, in the setting of increased
downstream resistance in the pulmonary
veins, results in elevated transcapillary
hydrostatic pressure, which may result in
pulmonary edema.” However, in some
cases of classic PVOD, the cautious
use of continuous IV epoprostenol may
actually improve pulmonary hemody-
namics and thus can selectively be con-
sidered as a therapeutic option.”® With
regard to SSc-related PH, investigators
at UHopital Antoine Béclére in France

Volume 16, Number 2; 2017

reported their experience with bosentan
therapy. They observed significant
improvement in functional class and he-
modynamics; however, in the subgroups
of SSc-ILD (no PH) and SSc-PH-ILD,
no clear benefits were noted.*** In a
combined Johns Hopkins and French
experience, 70 cases of SSc-PH-ILD
were studied to determine the impact of
PH-specific therapies including inhaled
and IV prostacyclin, endothelin recep-
tor antagonists, and phosphodiesterase
type 5 (PDE-5) inhibitors and found no
clear benefit with regard to pulmonary
hemodynamics. In fact, the same authors
found a signal for worsening hypoxemia
and decreased survival, particularly in
those with a reduced diffusion lung
capacity for carbon monoxide (DLCO)
or those who used supplemental oxygen
at baseline. It is thus unclear whether
the observed decrease in oxygenation
and survival was a result of PH-specific
therapy or simply worsening pulmonary
fibrosis.*!

More recently, there is some evidence
supporting the use of pulmonary vasodi-
lators in PH secondary to PF (idiopathic
or CTD-related). As proof of concept,
Saggar et al studied PH-ILD with
advanced pulmonary hemodynamics
(mPAP =35 mm Hg) and demonstrat-
ed that chronic parenteral treprostinil
improved pulmonary hemodynamics
without affecting systemic oxygena-
tion. In addition, there were congruent
improvements in RV function, brain
natriuretic peptide (BNP), 6MWD,
and the mental component summary
(MCS) aggregate of the short form
(SF)-36." Notably, this study excluded
PH-ILD secondary to SSc. To build on
this concept, the same authors retrospec-
tively evaluated the effects of aggressive
PH-specific therapy (defined as combi-
nation therapy or parenteral prostanoid
therapy) in SSc-PH and SSc-PH-ILD
and found that in addition to compara-
ble survival between these 2 phenotypes,
the use of early and aggressive parenteral
prostanoid therapy (initiated within 6
months of diagnosis of PH) was associ-
ated with improved transplant-free sur-
vival in the SSc-PH-ILD group com-
pared to prior reports.” Unfortunately
this study lacked a control group of
SSc-PH-ILD not receiving PH-specific
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therapy. Nevertheless, these data suggest
that in the appropriate setting (advanced
pulmonary hemodynamics and RV dys-
function) and in a center with expertise,
PH-specific therapy may have a role in
selected cases of SSc-PH-ILD.

An observational study by Condliffe
et al suggested that despite treatment
with PH-specific therapy, survival in
SSc with WHO Group 3 PH was
significantly worse than SSc-PAH, and
reported that a subgroup of the WHO
Group 3 PH population seemingly
demonstrated “out-of-proportion” PH
relative to the degree of underlying lung
fibrosis.'® Le Pavec et al also addressed
this concept by analyzing the response
to PH-specific therapy in the subset of
SSc-PH-ILD with mPAP >40 mm Hg,
but found no difference when compared
to the group with mPAP <40 mm Hg."'

It is clear that survival in SSc-PH-
ILD is poor, but despite this disadvan-
tage, this subgroup remains under-stud-
ied due to the fear of worsening gas
exchange and the potential for acute
pulmonary edema with PH-specif-
ic therapy. Proof-of-concept studies
suggest that perhaps early and aggressive
use of PH-specific therapy may not
negatively impact systemic oxygenation
and may improve right ventricular and

pulmonary arterial coupling. Regard-
less, an in-depth understanding of the
pathophysiology active in the SSc-
PH-ILD phenotype, specifically the
possibility of a vasculopathy affecting
the entire pulmonary microcirculation,
is important, especially if considering a
trial of PH-specific therapy. Given the
lack of an established role for PH-spe-
cific therapy, early referral to a lung
transplantation center is critical given
the poor prognosis and is the treatment
of choice. *

GROUP 2 PH IN SCLERODERMA
(SSC-PH-LHD)

Epidemiology and Prognostic
Considerations

The PH associated with SSc can be
secondary to underlying left heart
disease (SSc-PH-LHD). Pulmonary
venous hypertension (PVH) or post-
capillary PH is defined by the presence
of PH (mPAP >25 mm Hg) combined
with a pulmonary artery wedge pres-
sure (PAWP) >15 mm Hg (Table 1).%
This hemodynamic profile is classified
as SSc-PH-LHD, which is a subset

of WHO Group 2 PH. The PH that
results from LHD may be clinically
categorized into heart failure associ-
ated with reduced ejection fraction

Table 1. Features of the 3 Subgroups of PH Associated With SSc

(HFrEF), preserved ejection fraction
(HFpEF), valvular disease, or congenital
heart disease.” The ASPIRE registry
reported that 10% of all SSc-PH is
classified as PH-LHD when assessed
by a combination of echocardiography
and cardiac magnetic resonance imaging
(MRI).° If PAWP is employed as the
only distinguishing feature between pre-
and postcapillary PH, then most studies
suggest that SSc-PH-LHD is less
prevalent than SSc-PAH, with the cave-
at that PAWP is a preload-dependent
variable.”” In fact, within a large cohort
of SSc-PH (>7600 subjects), 45% had

a PAWP >15 mm Hg.*® Another study
reported a lower prevalence of elevat-
ed PAWP (20.5%) within an SSc-PH
cohort, but excluded those with known
decreased systolic function.”’ Alter-
natively, a case control study of the
EUSTAR database revealed that 50% of
cases with left ventricular (LV) dys-
function (LVEF <55%) had an sPAP
>40 mm Hg by echocardiogram, which
may be expected given the tendency for
pulmonary venous congestion with low
LVEF. The authors report that based on
RHC, approximately 29% of these cases
demonstrated “precapillary” PH (Table
1).*° A meta-analysis revealed that of
the SSc-PH confirmed by RHC, nearly

SSc-PAH SSc-PH-ILD SSc-PH-LHD
Definition - WHO Group 1 PH associated with - WHO Group 3 PH associated with - WHO Group 2 PH associated with
SSc SSc left heart disease, most commonly
- Precapillary PAH - Precapillary PH with radiographic HFpEF
mPAP =25 mm Hg, and/or PFT evidence of ILD* - Postcapillary PH or pulmonary
PAWP <15 mm Hg* mPAP =25 mm Hg, PAWP <15 venous hypertension
mm Hg* mPAP =25 mm Hg,
PAWP >15 mm Hg*
- Isolated postcapillary PH
DPG <7 mm Hg,
PVR =3 WU*
Prevalence 7%-18% of SSc cohorts'®" 18%-22% of SSc cohorts'*" Postcapillary PH: 10%-45% of SSc-
~50% of SSc-PH*’ ~25% of SSc-PH® pHe47-48
Isolated postcapillary PH: 20% of
SSc-PHY
Mortality 47%-64% 3-year survival®'®'® 16%-40% 3-year survival.>®'® 73% 3-year survival®
5-fold increased risk of death
compared to SSc-PAH™
Pathobiology Predominant arteriopathy with noted Hypoxic vasoconstriction and Stress injury to alveolar capillary
veno-occlusive lesions and capillary remodeling'®; thus far, unreported membrane; pulmonary artery intimal
duplication??6%° histopathology fibrosis and medial hypertrophy®¢

Abbreviations: DPG: diastolic pulmonary gradient; HFpEF: heart failure with preserved ejection fraction; ILD: interstitial lung disease; mPAP:
mean pulmonary arterial pressure; PAH: pulmonary arterial hypertension; PAWP: pulmonary artery wedge pressure; PFT: pulmonary function
testing; PH: pulmonary hypertension; PVR: pulmonary vascular resistance; SSc: systemic sclerosis; WU: Wood units.
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80% had precapillary PH and only 20%
had “postcapillary” PH (Table 1), again
suggesting that within SSc-PH, SSc-
PH-LHD is less common than SSc-
PAH.* This is in contrast to PH not
associated with SSc¢, where PH-LHD
is the most common among WHO
groups.”'

Systemic sclerosis has myriad cardiac
manifestations; the cardiac involve-
ment is usually direct, but may also be a
secondary phenomenon due to pulmo-
nary or renal disease and, either way
once clinically apparent, it has a poor
prognosis. In addition to patchy myocar-
dial fibrosis characteristically involving
the subendocardial layer, other cardiac
structures can be affected including the
coronary circulation, conduction system,
and pf:riczu'dium.s2 Autopsy studies have
noted myocardial fibrosis and pericardial
involvement to be the most prevalent,
with clinical evidence of myocardial
disease present 20% to 25% of the time,
manifesting as systolic and/or diastolic
LV dysfunction.53

Cardiac involvement in SSc is likely
underestimated due to nonspecific
symptomatology, and prevalence reports
vary depending on the method of detec-
tion used to define cardiac involvement.
For example, by echocardiography, 69%
of an SSc cohort was found to have
at least one or more of the following:
elevated RVSP, pericardial effusion,
increased RV dimension, or left atrial
enlargement (LAE).”* Left ventricu-
lar systolic dysfunction (LVEF <55%)
is rarely reported with an estimated
prevalence of only 1.4% to 5.4% in SSc
cohorts,*** while diastolic dysfunction
and left ventricular hypertrophy are
reported in 18% and 23%, respectively.”
In contrast to echocardiography, cardiac
MRI provides additional information
with regard to myocardial fibrosis. Car-
diac MRI with contrast enhancement
detected abnormalities in 75% of an SSc
cohort, including systolic and/or dias-
tolic dysfunction as well as the extent of
myocardial fibrosis and inflammation.’®
An analysis of global organ involvement
in SSc revealed diastolic dysfunction as
one of the most frequent features of the
disease with a prevalence of 17.4%.*
Thus, HFpEF appears to be the most

common cardiac manifestation of SSc
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and as such, PH secondary to HFpEF
(PH-HFpEF) is the most common
subgroup of SSc-PH-LHD.

In general, HFpEF is the most
common subtype of WHO Group 2
PH. Lam et al noted that up to 80% of
patients with HFpEF have echocardio-
graphic evidence of elevated estimated
RVSP consistent with PH.*” Further-
more, several studies have demonstrated
that when PH and/or RV dysfunction
complicates HFpEF of any cause, out-
comes are inferior compared to isolated
HFpEF. For example, one study report-
ed an increased risk of hospitalizations
and all-cause mortality in PH-HFpEF
in comparison to HFpEF without PH.®
Furthermore, Lam et al reported that
each 10 mm Hg increase in estimated
RVSP by echocardiogram was associated
with a 1.2-fold increased risk of death,
independent of alge.59 Kjaergaard et al
studied 334 patients with WHO Group
2 PH, 90% of whom had PH-HFpEF;
they recorded 1- and 2-year survival
estimates of 82% and 74% respectively,
and noted that a PASP >39 mm Hg
was associated with increased mortali-
ty.* Unfortunately, while these studies
highlight the importance of PH-HF-
pEF as a clinically relevant phenotype
with a poor prognosis, similar studies
comparing HFpEF with and without
PH are not available in the setting of
SSec.

In general, survival of Group 2 PH is
superior to Group 1 and Group 3 PH.
The ASPIRE registry reports a 3-year
survival of 68% for Group 3 PH and
44% for Group 1 PAH. They report-
ed similar 3-year survival statistics for
CTD-PAH (54%) and CTD-PH-LHD
(73%).* However, an elevated PAWP has
been shown to independently generate
an additional pulsatile load on the RV
in the setting of a variety of PH etiolo-
gies.”’ Interestingly, the Johns Hopkins
group compared SSc-PAH to SSc-PH-
HFpEF (defined by PAWP >15 mm
Hg and preserved systolic function)
and found that SSc-PH-HFpEF had
worse hemodynamic impairment and
a 2-fold increased risk of death when
controlling for hemodynamic parameters
that are known to affect prognosis,” and
was unaltered by the use of PH-spe-
cific therapy. In fact, SSc-PH-HFpEF

Volume 16, Number 2; 2017

demonstrated a higher mPAP and a
similar transpulmonary gradient (TPG)
compared to SSc-PAH, possibly because
of intrinsic pulmonary vascular disease
superimposed on the increased pulsatile
load intrinsic to elevated PAWP in this
SSc cohort. Furthermore, the authors
did note that within the subgroups of
SSc-PH-HFpEF, survival in the group
with “isolated postcapillary PH” was
superior to the group with combined
“pre- and postcapillary PH.” It there-
fore seems that SSc-PH-HFpEF may
portend a worse prognosis than SSc-
PAH, making it important to define the
presence and extent of left heart disease
in SSc-PH for both prognostic and
treatment considerations.
Distinguishing between pre-, post-
and combined “pre- and postcapillary”
PH is challenging given that RHC
hemodynamics may be dependent on
volume status and operator interpre-
tation. Studies on HFpEF as well as
SSc-HFpEF have demonstrated that a
0.5-liter fluid bolus during RHC may
unmask occult postcapillary PH in up
to 20% of patients and thus reclassify
precapillary PH as combined “pre- and
postcapillary” PH.*** Tt is clear that
obtaining accurate hemodynamic mea-
surements and subsequently classifying
patients into the appropriate SSc-PH
subgroup requires expertise, especial-
ly given the potential for significant
overlap. Scant data on this subject exist;
nevertheless, understanding an individu-
al patient’s physiology is imperative as it
clearly governs subsequent management
decisions.

Pathophysiology

Isolated postcapillary PH is the result
of a passive increase in PAP without
fixed pulmonary arterial vasoconstriction
or remodeling. This increase is usually
proportionate to the increase in left-sid-
ed filling pressure with normal PVR and
TPG. However, chronically increased
left-sided filling pressure can trigger
pulmonary arterial vasoconstriction and
intrinsic remodeling, which may result
in a hemodynamic picture consistent
with combined “pre- and postcapillary”
PH. At the level of the pulmonary
microvasculature, changes may include

medial hypertrophy and intimal fibro-
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sis of small pulmonary arteries as well
as thickening and remodeling of the
alveolar capillary membrane.**® The
angioproliferative plexiform lesions
characteristic of IPAH are rare. In
addition, matrix metalloproteinases are
activated by increased left-sided filling
pressures causing stress injury to the
alveolar capillary membrane over time,
and may result in alveolar wall fibrosis
and extracellular matrix deposition.65

Treatment Considerations

Current guidelines45 do not recommend
PH-specific therapy for the treatment
of WHO Group 2 PH. Management
should be focused on careful diagnostics
(identification of the underlying cause
and careful assessment of pulmonary
hemodynamics) and treatment of the
underlying condition. In aggregate,
studies of PH-specific therapies in both
PH-HFrEF and PH-HFpEF have not
been able to confirm benefit. For ex-
ample, in a small study of PH-HFpEF
and a randomized placebo-controlled
study of HFTEF, sildenafil improved
hemodynamics and symptoms,***’ but
in a larger randomized control trial of
HFpEF with and without PH, no bene-
fits of sildenafil were seen.®® In HFrEF,
IV epoprostenol showed a trend toward
increased mortality.” The ENABLE
trial examined the effect of bosentan on
severe heart failure (mean LVEF 25%)
and revealed no advantage over placebo
with regard to hospitalization or time to
death.” Soluble guanylate cyclase (sGC)
stimulators have been shown to have
antiproliferative and anti-inflammatory
effects in animal models,”" suggesting
that they may be of benefit in PH as-
sociated with HFrEF and HFpEF. The
LEPHT and DILATE-1 trials support
this theory by showing that riociguat
may result in a small decrease in mPAP.
The significance of this finding is yet
uncertain, but it suggests that targeting
the nitric oxide-sGC-cyclic guanosine
monophosphate pathway may be bene-
ficial in Group 2 PH.”>” Unfortunately,
most prior studies failed to stratify
subjects according to hemodynamics,
nor did they separate out those with and
without PH. Furthermore, the under-
lying cause of the left heart disease was
not often clarified. To date, there are

no known studies specifically studying
Group 2 PH in the setting of SSc. There
is a continued need for further research
in this area, particularly with regard to
PH-HFpEF, as this is the most preva-
lent type of Group 2 PH. In addition,
careful delineation of the PH as either
pre-, post- or “pre- and postcapillary”
is helpful in determining whether there
may be merit in considering a trial of
PH-specific therapy.

CONCLUSION

Pulmonary hypertension is among

the leading causes of mortality in SSc
and is heterogeneous with regard to
pathophysiology and treatment con-
siderations. The different types of PH
complicating SSc require nuanced
understanding with regard to diagno-
sis, prognostication, and management.
Given that the prognosis of all groups
of SSc-PH is poor and therapy is of
limited known utility, additional studies
are needed to optimize the management
of this condition.
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