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Guest Editors’ Memo

This issue of Advances in Pulmonary
Hypertension highlights several associat-
ed conditions causing pulmonary arterial
hypertension (PAH) that are of particu-
lar relevance globally and deserve to be
on our radar: schistosomiasis, Human
immunodeficiency virus (HIV), and
liver disease. These well-known condi-
tions provide unique challenges to our
understanding and treatment of PAH.
Schistosomiasis affects a shocking 200
million or more throughout the world,
with 5-10% developing PAH. Yet it can
be easy to forget that schistosomiasis is
cause of Group I PAH. Brian Graham
reviews the background, mechanisms,
diagnosis, and treatment schistoso-
miasis-associated pulmonary arterial
hypertension. Graham leaves us with

108  Advances in Pulmonary Hypertension

several cutting-edge questions yet to be
answered regarding this disease.

Nicholas Kolaitis and Christopher
Barnett provide us with an updated
review on HIV-associated PAH. They
take us through epidemiology, patho-
genesis, and the impact of antiretroviral
therapy. The approach to treatment
includes a critical review of drug-drug
interactions between HIV and PAH
medications.

Rosechelle Ruggiero and Sonja
Bartolome deliver a focused review of
portopulmonary hypertension for the
treating provider. They take us through
current definitions, clinical features, and
management with a crucial focus on
special considerations for liver trans-
plantation.

Volume 21, Number 4; 2022

We gratefully thank all of our
contributing authors for sharing their
knowledge and insights. As the world
shrinks, and our knowledge of mech-
anisms of disease and treatment grow,
these articles are timely and well worth
the read.

Marc A. Simon, MD, MS
Division of Cardiology, Department of
Medicine, University of California, San

Francisco, San Francisco, California

Deborah J. Levine, MD

Division of Pulmonary, Allergy & Critical
Care Medicine, Department of Medicine,
Stanford University, Palo Alto, California

DOI:10.21693/1933-088X-21.4.108
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REGULAR ARTICLE

Schistosomiasis-Associated Pulmonary Arterial Hypertension

Brian B. Graham
University of California San Francisco,
San Francisco, CA

Schistosomiasis is a major cause of group 1 pulmonary arterial hypertension (PAH)
worldwide. Schistosomiasis results from a parasitic infection present in over 200
million individuals worldwide. Schistosomiasis-associated PAH was initially thought
to be obstructive due to egg embolization but has a pulmonary vascular pathology

like other forms of group 1 PAH and can be treated using conventional PAH thera-
pies. Mechanisms that underlie the development of schistosomiasis-associated PAH
include type 2 inflammation which triggers TGF-p signaling; importantly, TGF-g
signaling is a pathway shared with other PAH etiologies. However, many things which
are unknown about this disease remain, including if the lung vascular pathology results
from egg embolization causing localized inflammation and vessel remodeling, or if this
is a form of portopulmonary hypertension resulting from schistosomiasis liver disease.

SCHISTOSOMIASIS
BACKGROUND

Schistosomiasis (bilharzia) is one of the
etiologies of group 1 pulmonary arterial
hypertension (PAH) per the current
classification system,’ although it is per-
haps the least understood despite being
one of the most common causes. Schis-
tosomiasis is the clinical disease that
results from infection with parasitic flat-
worms (nematodes) of the Schistosoma
genus. Three Schistosoma species cause
>95% of disease: S. mansoni, S. haemato-
bium, and 8. japonicum. Schistosomiasis
is endemic in 51 countries worldwide,
with about 90% of the disease burden in
sub-Saharan Africa.?

Schistosoma have a mandatory 2-host
lifecycle, with a snail intermediate host.
Snail species are specific for each Schis-
tosoma species. Infected snails release the
cercariae lifeform of the parasite, which
lives about 24 hours in fresh water. Hu-
mans are infected by exposure to contam-
inated water, with cercariae penetrating
the skin within about 5 minutes, leaving
behind a punctate rash (cercarial derma-
titis). The parasite then migrates from
the subcutaneous tissue to the systemic
veins and then to the lungs, causing
a hypersensitivity reaction (Katayama
fever) characterized by fevers, cough,
chest x-ray infiltrates, and eosinophilia:

This syndrome may develop in travelers
to endemic settings. After a few weeks,
the parasites migrate to the target organ:
In the case of S. mansoni and japonicum,
this is the portal venous system; S. Aae-
matobium migrates to the bladder venous
plexus. Here, the mature worms mate
and release eggs, from several hundred up
to 5000 per day for a S. japonicum worm
pair. Most of the eggs erode through the
intestinal or bladder wall to enter the
feces or urine, where after excretion, they
infect snails and complete the lifecycle.
Eggs retained within the host cause
inflammation and immunopathology.
The worms have evolved many tactics for
evading the host immune system® and
can live for years or decades in the host
while continually laying eggs.

CURRENT STATE OF
SCHISTOSOMIASIS
Schistosomiasis is considered a ne-
glected tropical disease. In 2019 (the
most recent year worldwide figures are
available), it was estimated 237 million
individuals (about 3% of the global
population) required treatment, i.e.,
were either actively infected or at high
risk for infection with the parasite.” Of
these, 105 million were treated. Prazi-
quantel is the antihelminthic medication
most used. It is effective against adult

Key Words—pulmonary hypertension, schistosomiasis, TGF-beta
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but not juvenile parasites; thus, acutely
infected individuals need to receive 2
doses about 6 weeks apart. Praziquantel
resistance can be induced in laboratory
settings* but has not (yet) been reported
clinically.

Substantial progress in schistosomiasis
control has been made in recent years
through public health efforts, including
clean water, sanitation, and hygiene
preventative measures and mass drug
administration particularly of school
age children in at-risk se'ctings.5 Un-
fortunately, the disease generally has
highest prevalence in the regions which
are most impoverished, often rural and
with limited health care access, leading
to concerns about substantial underesti-
mates of the worldwide burden.® Envi-
ronmental change with global warming
is shifting the distribution of Schistosoma
and its snail species, and public infra-
structure projects such as dam construc-
tion for hydroelectric power or irrigation
is changing the endemic 'cerritory.7

HISTORY OF
SCHISTOSOMIASIS-
ASSOCIATED PULMONARY
HYPERTENSION

Schistosome eggs were initially reported
in lung tissue in the 1880s® and then as-
sociated with pulmonary vascular disease
in the 1930s in reports from Egypt.’

In this era before the development of
antihelminthics, autopsy specimens from
individuals who died of schistosomal

pulmonary hypertension (PH) often

Volume 21, Number 4; 2022 109
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demonstrated huge numbers (>100/
section) of intravascular parasite eggs

in addition to remodeled vessels with
thickened media and intimal layers."
Based on this histopathology, at the
time, schistosomal PH was ascribed

to potentially be a combination of an
embolic or obstructive disease and vas-
cular remodeling. The first PH World
Symposium (Geneva, 1973) categorized
schistosomiasis-PH as embolic (group
3, at the time)."! The second World
Symposium (Evian, 1998) categorized
schistosomiasis-PH as “directly affecting
the pulmonary vasculature” (group 5),"
and the third World Symposium (Ven-
ice, 2003) categorized it under embolic
obstructive disease (group 4)."

At the Dana Point symposium
(2008), the classification of schis-
tosomiasis-PH was changed to an
etiology of group 1 PAH," and it has
remained in group 1 subsequently. The
rationale for assigning schistosomiasis
to group 1 is multifactorial. Schisto-
somiasis-PAH (hereafter abbreviated
SchPAH) patients often have a similar
clinical presentation to idiopathic PAH
(IPAH). The characteristic pulmonary
vascular lesions found in IPAH are also
present in SchPAH, including plexiform
lesions."” These pulmonary vascular
lesions are still present in modern
autopsy series after the widespread
use of praziquantel, but no significant
eggs are present.'® Evidence of shared
underlying pathobiology exists, includ-
ing altered TGF-B family signaling (see
below). SchPAH patients also benefit
from treatment with conventional PAH
therapies, although these data are from
smaller and generally retrospective
series (see below).

PREVALENCE

Some of the eggs laid by worms that
make their homes in the portal veins
(all species other than 8. haematobium)
embolize into the prehepatic sinusoids,
causing preportal fibrosis termed hepa-
tointestinal schistosomiasis (HSS). HSS
causes portal hypertension, like that
seen in portopulmonary hypertension
(PPHTN), and it is thought that HSS
substantially increases the risk of de-
veloping SchPAH potentially as a form
of PPHTN. §. mansoni is the species

110  Advances in Pulmonary Hypertension

most clearly associated with SchPAH,
and it has been estimated that approx-
imately 5%—10% of those with chronic
8. mansoni infection develop HSS."™"
On histopathology, it was observed that
about 24% of individuals with HSS had
evidence of pulmonary vascular disease.”
By echocardiography, it was estimat-

ed that 11% of those with HSS had
SchPAH.” By right heart catheteriza-
tion (RHC), one study found that 21%
of those with HSS had a mean pulmo-
nary artery pressure (mPAP) > 20 mm
Hg (the revised threshold), and 4 (12%)
had a mPAP > 25mm Hg (the prior
threshold), all with a normal wedge
pressure.”” Another study identified 18%
of those with HSS had the suggestion of
PH on echocardiography, of whom 5%
were ultimately found to have SchPAH
on RHC (using the mPAP > 25 mm Hg
threshold).? Overall, about 5%-10% of
those with HSS may develop SchPAH,
depending on the specific population,
diagnostic test, and threshold. If 5% of
those with schistosomiasis develop HSS
and 5% of those develop PAH, that is
0.25% prevalence among all those with
schistosomiasis, making this an uncom-
mon complication of chronic disease.
However, this also equates to a SchPAH
prevalence of about 500,000 individu-
als, or about 64 per million worldwide,
making it a relatively common cause of

group 1 PAH.

DIAGNOSIS OF SCHPAH

The diagnostic criteria for SchPAH
are not well established. Generally, the
following 4 criteria are used:

1. PAH, by RHC using standard
criteria.

2. Atleast 1 of the following:

a. exposure to an endemic region
for schistosomiasis,

b. history of previous treatment
for schistosomiasis, or

c. history of or presence of Schis-
tosoma eggs on stool examina-
tion or on rectal biopsy.

3. Liver ultrasound consistent with
SchHSD, including left lobe
enlargement and/or periportal
fibrosis.

4. No evidence of other identified
PH etiologies.

Volume 21, Number 4; 2022

Practically, however, some major issues
with these criteria exist. Foremost, RHC
is not widely available in the areas where
schistosomiasis is most endemic. The
requirement for prior schistosomiasis
exposure or infection is subject to recall
bias and does not establish a clear causal
relationship between prior infection
and subsequent PAH development. The
requirement for liver disease misses cases
from 8. haematobium or those that may
occur in the absence of liver disease.
Lastly, often, limited resources are avail-
able for a systematic evaluation for other
PH etiologies in endemic settings.

In developed settings such as PH
clinics in the United States, the diagno-
sis of SchPAH is sometimes considered
among patients being evaluated who
have a history of schistosomiasis or
who have previously lived in endem-
ic settings. If uncertainty in exposure
history exists, serologic testing can be
performed, although some serologic tests
have species specificity. Serologic testing
is less useful if the individual is known
to come from a very high prevalence
region, as it is almost certain to be
positive.

Individuals may have active infection
even if they have not been in an endem-
ic area for many years, due to the long-
lived nature of the parasite. Suggestive
signs and symptoms include eosinophilia
and blood in the urine (S. haematobi-
um) or stool (other Schistosoma species),
which can be screened by ova and
parasite examination. It should be noted
that microscopy has a relatively low
sensitivity, particularly for low intensity
disease. If there is concern for active
infection, praziquantel can be admin-
istered: It is relatively safe, and a single
dose is usually effective. One concern
for side effects is if there are neurologic
symptoms which may have resulted from
egg embolization to the spine or brain (a
condition called neuroschistosomiasis):
Individuals with concern for this should
be pretreated with steroids to avoid
excessive inflammation.?* If concern for
HSS exists, abdominal ultrasound can
be used to screen for periportal fibrosis;
if periportal fibrosis is not present (and
§. mansoni or japonicum are suspected,
based on geography), SchPAH is less
likely.
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PROGNOSIS AND RESPONSE
TO THERAPY

The clinical course of SchPAH may
be more benign than IPAH or PH
associated with connective tissue dis-
eases,” even in the absence of specific
PAH treatment.?® Treatment-naive
SchPAH patients have been reported
to have overall survival rates at 1, 2,
and 3 years of 95%, 95%, and 86%,
respectively,” although a more recent
series from an endemic setting report-
ed 1-, 3-, and 5-year survival estimates
of 92%, 75%, and 51%, respectively,”
figures closer to the prognosis in
IPAH. A recent systematic review that
included 18 studies concluded that
SchPAH has a better prognosis than
IPAH,” despite presenting with ini-
tially similar hemodynamics, although
it should be cautioned that many of
these patients were studied in nonen-
demic settings.

Patients with SchPAH should be
treated as those with any other form of
group 1 PAH. This conclusion is based
on reports from clinicians in endemic
settings and published case series and
open-label studies, but SchPAH has
generally not been included in prospec-
tive clinical trials of PAH therapeutics
to date. Authors of one study compared
survival between historical SchPAH
patients (before PAH medications were
available) and SchPAH patients receiv-
ing provider-selected medications and
found that the newer, treated series had
significantly better survival.”” Authors
of another study reported that sildenafil
improved clinical and cardiac magnet-
ic resonance imaging parameters in 7
SchPAH patients, including an im-
proved 6-minute walk distance from an
average of 114 to 335 m (P < 0.0001),
and an improved right ventricular
ejection fraction from an average of 33%
to 43% (P < 0.004).”° The same group
reported 13 patients with SchPAH
treated with sildenafil for 6 months had
improved World Health Organization
functional class (P < 0.001), the 6-min-
ute walk distance improved from 121
to 394 m (P < 0.0001), and the average
pulmonary artery systolic pressure on
echocardiography decreased from 97 to
80 mm Hg, without significant adverse
events.™!

Immune Tolerance
(Beneficial in
Chronic Infection)

Pulmonary Hypertension
Vasoconstriction

Active/ /V & Obstruction
§ —_— — —
e IL-4 Monocytes TGFR ~~ Pulmonary Vascular Cell
eggs - ¥
S | l athology, Including

L-13
Proliferation & Metabolic Shifts

Other causes of
aberrant TGF-B
signaling in other
PAH etiologies

Figure: TGF-(3 signaling may function as a local immunosuppressant, benefiting the host

with chronic schistosomiasis, but TGF-[3 signaling can also cause pathology in the pulmonary
vascular cells resulting in pulmonary hypertension. Embolization of Schistosoma eggs to

the lungs causes a type 2 immune reaction including the activation of CD4 T cells to a Th2
phenotype, resulting in the secretion of cytokines IL-4 and IL-13. This immune activation causes
recruitment of classical monocytes which express the protein thrombospondin-1 (TSP-1), which
has the functional ability to activate TGF-3. TGF-3 causes a localized immune tolerance, which
may be beneficial in the setting of a long-lived infection in which the host cannot effectively
eradicate the parasite, through limiting the amount of tissue destruction. TGF-f3 also causes

a pathology among the pulmonary vascular endothelial and smooth muscle cells, including
excessive proliferation and changes in cellular metabolism, resulting in vasoconstriction and
occlusion of the vasculature, and pulmonary hypertension. TGF-3 signaling is a key step shared

with other pulmonary arterial hypertension etiologies.

One major limitation in treating
SchPAH worldwide is medication
availability in endemic settings. In
many countries, only PDE5 inhibitors
are widely available; in some settings,
there is access to endothelin receptor
antagonists but only rarely prostacyclin
analogues or other medications. Lung
transplantation is also generally not
available; occasionally atrial septosto-
my is performed as a rescue procedure.
Otherwise, nonvasodilator therapies
such as controlling volume status and
pulmonary rehabilitation are similarly
effective.

SCHISTOSOMIASIS-PH
PATHOBIOLOGY: TYPE 2
INFLAMMATION TRIGGERS
TGF-BACTIVATION

Our current concept of schistosomia-
sis-PH is that the host immune system
inadvertently causes the pulmonary
vascular disease. Schistosoma parasites
have evolved mechanisms to evade the
host immune system, leading to very
long-lived infections. In this setting,
the host immune system needs to adapt
to the infection without causing ex-
cessive tissue destruction in trying to
kill the parasite. TGF-B is a classically
immunosuppressive cytokine, and the
host immune system may use TGF-g
signaling as a counterregulatory mech-
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anism to check the immune response to
the parasite. Unfortunately, TGF-g also
induces pulmonary vascular pathology,
which is a shared pathway with many
PAH etiologies including familial dis-
ease (eg, BMPR2 mutations), IPAH,*
scleroderma-associated PAH” (Figure).

In mice, experimental PH can be in-
duced by administering Schistosoma eggs
directly to the lung vasculature. Modu-
lating the egg dose to the lungs posi-
tively correlates to the PH phenotype, as
was observed in BMPR2*" mice having
more liver disease, more egg emboli-
zation, and greater PH.** After embo-
lization, the eggs induce a strong and
localized type 2 immune reaction.” It is
observed that remodeled vessels occur in
proximity to the peri-egg granulomas,’
suggesting the cytokines and immune
cells responding to the eggs also cause
the vascular disease.

Blocking type 2 immunity by using
IL-47"1L-137" mice suppressed the
Schistosoma-PH phenotype.35 More pre-
cisely, deleting IL.-4 and IL-13 in CD4
T cells also suppresses the PH pheno-
type.37 A key role of type 2 inflamma-
tion is the recruitment of circulating
classical monocytes to the inflamed
tissue. These monocytes express throm-
bospondin-1, which can locally activate
TGF-B, and it has been observed that

blocking monocyte recruitment or
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thrombospondin-1 prevents Schistoso-
ma-induced PH.*®

Activation of TGF-B may benefit the
host immune system through promot-
ing regulatory immune mechanisms
and acting as an immunosuppressant.”’
However, TGF-B is also toxic to the
pulmonary vasculature: Among other
effects, TGF-B induces proliferation of
endothelial and smooth muscle cells,*
including a metabolic shift of increased
glycolysis which supports pathologic
phenotypes.”!

MAJOR OPEN QUESTIONS IN
SCHISTOSOMIASIS-PH
Despite its relatively high prevalence,
much is still unknown regarding

SchPAH.

What Is the True Prevalence of SchPAH?
Does SchPAH Occur in Species Other than
S. mansoni?

Most of the literature in this field is from
nonendemic settings, and systematic
screening in high prevalence regions is
lacking. Most clinical data in SchPAH
are from Brazil, where only §. mansoni

is endemic, but less is known about the
other species. Case reports have indicat-
ed that 8. japoniucm™ and §. haematobi-
um® can cause PH, but it may be sub-
stantially less common with these other
species. In a recent echo-based study
from China (where only S. japonicum

is endemic), authors found 0.005% of
those with schistosomiasis had evidence
of PH,* a rate ~100-fold lower than is
anticipated based on 8. mansoni-derived
data (see calculations above). In a study
comparing experimental §. japonicum-in-
duced PH to §. mansoni-induced PH,
authors found that §. japonicum could
cause PH in mice, but the severity was
significantly less than that caused by §.
mansoni.® If these species-specific phe-
notype differences are real clinically, it is
largely unknown why these differences
may occur and what the potential pheno-
type from S. haematobium infection is.

What Is the Relationship between SchPAH
and PPHTN? Is Schistosomiasis Liver
Disease a Necessary Precursor?

It is thought that preportal liver fibrosis

in HSS is important in the development

of S. mansoni-induced SchPAH. HSS
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could directly cause PPHTN. However,
the liver fibrosis and portal hypertension
in HSS also causes egg embolism to the
lungs through portocaval shunts, and in
mice, more severe liver disease increases
egg embolization and causes more severe
experimental PH.* Mice which receive
only experimental egg embolism to the
lungs develop a PH phenotype without
any liver disease.” Notably different than
viral or alcoholic cirrhosis, SchHSD caus-
es preportal fibrosis without significant
hepatocellular injury. Case reports exist of
S. haematobium-induced SchPAH* which
causes urinary but not liver disease. Over-
all, it remains unclear if PPHTN under-
lies or contributes to clinical SchPAH or
if SchPAH largely results from a specific
pathobiology induced by egg emboliza-
tion to the lungs causing localized inflam-
mation and vascular disease.

Does Antibelminthic Therapy
(Praziguantel) Benef it SchPAH Patients
Who Hawe Active Infection?

In schistosomal liver disease, eradicat-
ing the parasite leads to at least partial
reversal of the liver pathology.‘“”47 Ina
mouse model of schistosomiasis cou-
pled with portal hypertension induced
by portal vein ligation, the pulmonary
disease partially improved after prazi-
quantel administration,*” and authors

of another study of parasite infection
alone found more substantial reversal

of pulmonary disease with praziquantel
treatment.” However, SchPAH patients
continue to die in the absence of active
infection,' so it is unclear if praziquan-
tel has clinical benefit in SchPAH. Some
favor treating all SchPAH patients with
praziquantel due to the severity of the
disease and relatively low risk of harm.’
It may be that the pulmonary disease
reaches a point of no return, after which
the pathology autonomously progresses
even without infection.

0

Will Targeting the Immune System Be
Beneficial to Those with SchPAH? Is
There a Way to Block the Inflammation
that Causes Pulmonary Vascular

Disease without Inbibiting the Global
Host Response to the Parasite for Those
Susceptible to Reinfection?

In SchPH mouse models, blocking type

2 immunity prevents the schistosomi-

Volume 21, Number 4; 2022

asis-PH phenotype.*® However, it is
unclear if targeting inflammation later
in the disease course can effectively
reverse established disease, potentially
even after parasite eradication when
presumably the type 2 inflammation is
reduced. Furthermore, broadly blocking
type 2 inflammation in individuals that
live in endemic locations may result in
more severe reinfection if that occurs.
Specific immune responses may be
driving the pulmonary vascular disease;
if so, precisely targeting host drivers or
even vaccinating or inducing immune
tolerance against specific parasite factors
may prevent or reverse the pulmonary
vascular disease without inhibiting the
response to the parasitic infection more

broadly.
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Human immunodeficiency virus (HIV) attacks the immune system and can cause
acquired immunodeficiency syndrome. Thankfully, antiretroviral therapy is highly
effective, and people infected with HIV can live long lives with proper adherence to
therapy. One of the important noninfectious complications of HIV is the develop-
ment of pulmonary arterial hypertension (PAH). This review will cover the epide-
miology, pathogenesis, and clinical characteristics of HIV-associated PAH. It will
also cover the current knowledge on use of vasodilator therapy in this population.

INTRODUCTION
The human immunodeficiency virus
(HIV) is a retrovirus, primarily trans-
mitted via genital fluid or blood, which
attacks the immune cells of the human
body."? If left unchecked, HIV can
lead to fulminant immune failure and
the development of acquired immu-
nodeficiency syndrome (AIDS).’ The
most recent estimates indicate that
38.4 million people are infected with
HIV globally, and 1.5 million new
infections occurred in 2021.* Treatment
of HIV with antiretroviral therapy is
quite successful and has led to a 32%
decline in the annual incidence of new
infections over the last decade. Further,
regular use of antiretroviral therapy has
limited the development of infectious
complications and AIDS in those living
with HIV, essentially turning a once
almost universally fatal disease into a
chronic one, the effects of which can
be mitigated with good adherence to
therapy.” As such, patients with HIV
are living longer, and the noninfectious
complications of HIV require escalat-
ing clinical focus.

The development of pulmonary
arterial hypertension (PAH) is one of
the important potential noninfectious

complications of HIV.®” PAH is a

disorder of the pulmonary vasculature
characterized by a rise in the pulmonary
circulatory pressures. The hemody-
namic definition of PAH requires an
elevation in the mean pulmonary artery
pressure to greater than 20 mmHg and
an elevation in the pulmonary vascular
resistance to greater than or equal to

3 Wood units. Increasingly, evidence

of prognostic value exists with even
mildly abnormal hemodynamics, and
recently published guidelines advo-
cate to diagnose PAH at a pulmonary
vascular resistance threshold greater
than 2 Wood units.*” Clinically, patients
with pulmonary hypertension can be
classified into subgroups based on
etiology. Patients with HIV-associated
PAH (HIV-PAH) fall under the Group
1 classification, with a subgrouping
under Group 1.4 (associated PAH).®
When advanced, PAH can lead to right
ventricular failure, respiratory distress,
impaired health-related quality of life,

and attenuated survival.'’

EPIDEMIOLOGY OF HIV-PAH
The true prevalence of HIV-PAH is
unknown; however, it is estimated to
be at least 0.5% among HIV-positive

individuals. Preliminary reports of the

association between HIV and PAH
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came from the prospective evaluation of
cardiopulmonary limitations in patients
who complained of dyspnea within a
large cohort of Swiss patients living with
HIV." The cohort consisted of 1,200
patients, and of the 74 patients who
complained of cardiopulmonary limita-
tions, 6 had echocardiographic evidence
of PAH, which accounts for 0.5% of the
total cohort. Authors of various other
echocardiography-based studies con-
firmed a higher prevalence of elevations
in the pulmonary artery systolic pressure
(PASP) in patients living with HIV
than the known estimates in the general
population.u'17 While some have postu-
lated that the prevalence of HIV-PAH
may be higher in sub-Saharan Africa
due to a greater proportion of patients
with uncontrolled HIV, a meta-analysis
assessing echocardiography estimates of
elevations in the pulmonary artery pres-
sures found no regional difference across
25 studies from 17 different countries.™
The most comprehensive study, for
which authors assessed the prevalence of
HIV-PAH with invasive hemodynam-
ics, came in 2008 from a large pro-
spective cohort of 7,648 HIV positive
patients living in France." Patients
were screened for unexplained dyspnea,
and if they met criteria, an echocardio-
gram was obtained, followed by a right
heart catheterization for those with
suspicious findings. The study yielded
a total of 35 patients with right heart
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catheterization-confirmed PAH or an
estimated prevalence of 0.46% (95% CI
= 0.32-0.64). Notably, this study was
performed after the widespread adoption
of antiretroviral therapy, and only 13%
of the cohort had a CD4 count <200
cells/pL. As such, even though it is an
older study, it is informative on the cur-
rent state because the HIV control was
relatively high in this cohort. Another
notable aspect of this study is that it

was performed before the 2018 World
Symposium on Pulmonary Hyper-
tension hemodynamic change, which
lowered the mPAP criteria for diagnosis;
thus, a 0.5% estimate may underestimate
the current prevalence of HIV-PAH
based on the contemporary hemody-
namic definition.® The prevalence would
also rise further based on the recent
recommendations from the European
Society of Cardiology and Europe-

an Respiratory Society to reduce the
pulmonary vascular resistance threshold
for diagnosis of PAH.*” Compiling the
evidence together, even using conserva-
tive estimates, the prevalence of PAH in
HIV-positive individuals is likely many
thousand times that of idiopathic PAH

in the general population.19

PATHOGENESIS OF HIV-PAH
The pathologic changes found in the
pulmonary vasculature of patients with
HIV-PAH are the same as those found
in other patients with Group 1 PAH.
Histopathologic findings in HIV-PAH
demonstrate evidence of plexogenic
pulmonary arteriopathy, medial hyper-
trophy, intimal fibrosis, and thrombotic
arteriopathy.”’ Indeed, the explants or
autopsies of most patients with HIV-
PAH are impossible to differentiate
from those with idiopathic PAH. Nota-
bly, however, some case reports have also
demonstrated evidence of pulmonary
veno-occlusive disease in HIV-positive
individuals.?** It is unclear if these cases
represent comorbid conditions or if HIV
can drive pulmonary veno-occlusive
disease in addition to precapillary PAH.
The pathogenesis of HIV-PAH is
believed to be multifactorial (Figure 1).
Early investigation into the pathogen-
esis of precapillary PAH in patients
with HIV led to the hypothesis of a

direct viral infection of the pulmonary
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HIV-Infection

/ \

Viral Proteins

Drug use
(i.e., methamphetamine, cocaine)

Chronic Inflammation

Inflammatory Mediators

Pulmonary Vasculature Remodeling

HIV-associated pulmonary Arterial hypertension

Figure 1: Pathogenesis of the development of human immunodeficiency virus (HIV)-associated
pulmonary arterial hypertension (PAH). HIV viral infection of pulmonary vascular endothelial
cells has not been seen. However, HIV viral proteins and chronic inflammation are believed

to lead to elaboration of inflammatory mediators which cause pulmonary vascular remodeling
including plexiform lesions characteristic of Group 1 PAH.

vasculature as the culprit, yet authors

of in vitro studies of human lung
microvascular endothelial cells have
demonstrated a lack of expression of the
HIV coreceptors CXCR4 and CCR5.%
Further, adding HIV to the cell culture
of these human lung microvascular
endothelial cells demonstrated no active
viral infection. Although direct cellular
infection does not appear to be involved
in the pathogenesis, it does appear that
HIV viral proteins may be contributory.
A transgenic HIV rat model, which

is noninfectious but expresses HIV
RNA and HIV proteins, demonstrated
increased vascular oxidative stress as well
as pathologic changes consistent with
PAH.* Histology on the transgenic rats
showed evidence of pulmonary vascular
remodeling with medial thickening and
right ventricular hypertrophy.

One potential mechanism by which
these proteins lead to PAH is via
increased production of vasoconstric-
tors. HIV envelope glycoprotein gp120,
expressed on the surface of the HIV
envelope, was shown to induce apoptotic
cell death and also increase secretion of
the pulmonary vasoconstrictor endo-
thelin-1.2% Circulating monocytes of

Volume 21, Number 4; 2022

HIV-infected individuals also demon-
strate expression of the endothelin-1
gene, a finding which was not present
in healthy controls.”® Increased endo-
thelin-1 expression is likely a strong
driver of HIV-PAH, as higher levels are
independently associated with worse
hemodynamics assessed by right heart
catheterization in HIV-infected pa-
tients.”

Another potential pathway through
which HIV may lead to PAH is via the
bone morphogenic protein receptor
signaling pathway. Mutations in the
gene bone morphogenic protein recep-
tor 2 (BMPR2) account for the most
common form of hereditable PAH.**
Loss of BMPR2 signaling leads to in-
creased production of pro-inflammatory
cytokines as well as pulmonary vascular
remodeling.”*** Rebalancing of this
pathway is also a potential therapeu-
tic target for the treatment of PAH.”
Inhibition of BMPR?2 expression was
found in macaque models infected with
a chimeric strain of the simian immu-
nodeficiency virus, which coexpressed
the HIV protein Nef.** These animals,
but not controls exposed to wild type
simian immunodeficiency virus, went on
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to develop plexiform lesions and cardiac
hypertrophy. Further evidence of the
Nef protein being involved in HIV-
PAH pathogenesis comes from 2 human
cohorts, where polymorphisms in Nef
were overrepresented in patients with
HIV-PAH as compared with HIV-posi-
tive controls without PAH.%

Chronic inflammation due to immune
dysregulation may also play a role. Pa-
tients with HIV-PAH had an increased
frequency of HLA-DR6 and HLA-
DR52 as compared with HIV-positive
patients without PAH and noninfected
controls, potentially implicating the
immune response to HIV as a mech-
anism.* The cardiovascular risks of
chronic inflammation persist, even in
patients with well-controlled HIV.Y
Markers potentially linking HIV and
PAH via inflammation include asym-
metric dimethylarginine, an inhibitor
of nitric oxide synthase, hypoxemia-in-
ducible factor-1, platelet-derived growth
factors, and vascular endothelial growth
factor.?*%%

Behavioral factors may also play a
role in the development of HIV-PAH.
Injection drug use is a known comor-
bid condition for many infected with
HIV.* While cocaine is still considered
a probable cause of drug and toxin-asso-

ciated PAH, methamphetamine is now
considered a definite cause PAH.**"*

The double hit of HIV viral proteins
combined with drug use may potentiate
the risk of pulmonary vascular disease.”
In cell culture, coexposure of HIV viral
proteins and cocaine led to a down regu-
lation of the BMPR?2 signaling pathway
as well as proliferation of smooth muscle
cells and increased pulmonary endothe-
lial cell permeability.“’45 In animal mod-
els, early plexiform lesions developed in
simian immunodeficiency virus-infected
macaques who were also treated with
intravenous morphine, whereas lesions
were not found in infected macaques
not exposed to morphine, or in nonin-
fected macaques exposed to morphine.*
Evidence for a 2-hit hypothesis between
HIV viral proteins and drug use is

also found in human cohort studies, as
patients with a diagnosis of HIV-PAH
reported a higher rate of methamphet-
amine use than patients with idiopathic

PAH.Y

EFFECT OF ANTIRETROVIRAL
THERAPY ON HIV-PAH

Some data exist on the potential ben-
eficial effect of antiretroviral therapy

on the pathogenesis of HIV-PAH.
Certainly, active viral infection presents
greater exposure to the viral proteins
implicated in the development of PAH,
so many have postulated that HIV-PAH
would be associated with poorer control
of infection. Authors of various studies
assessing the association of HIV-PAH
with antiretroviral therapy have demon-
strated a benefit of therapy, with a lower
rate of HIV-PAH in treated patients.***
Authors of a recent large-scale study of
US Veterans demonstrated that nonin-
vasive elevations in the PASP were more
likely in HIV-infected veterans who had
lower CD4 counts and higher viral loads
than uninfected veterans and HIV-in-
fected veterans with good viral control.”

One notable exception to the notion
of better control leading to less HIV-
PAH was a retrospective study in which
authors compared the effect of nucle-
oside reverse transcriptase inhibitors
alone versus combination antiretroviral
therapy.” In this study, increased rate
of cardiac complications such as ar-
rhythmias, ischemia, cardiomyopathy,
pericarditis, and endocarditis occurred in
patients treated with nucleoside reverse
transcriptase inhibitors alone. However,
an increased rate of PAH occurred in
those treated with combination antiret-
roviral therapy (2.0% versus 0.7%, P =
0.048). It does not seem plausible that
the driver of PAH was due to better
control of the HIV; rather, it likely
represents better screening for PAH in
providers who chose to use combination
antiretroviral therapy instead of nucle-
oside reverse transcriptase inhibitors
alone.

Authors of another important study
looked at the effect of antiretroviral
therapy on HIV-PAH via invasive he-
modynamics.” In this study, 77 patients
with HIV-PAH were followed longi-
tudinally. Of those patients, 62 were
on antiretroviral therapy at diagnosis,
and 15 were not. Most patients (65%)
were put on PAH-specific therapy and
had improvements in functional class,
6-minute walk distance, pulmonary
vascular resistance, and cardiac index.
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Of interest, 8 of the 15 patients who
were not on any therapy at the time

of PAH diagnosis were treated with
initiation of antiretroviral therapy alone
and no vasodilators. In those patients,
antiretroviral therapy alone improved
6-minute walk distance, with no benefit
in functional class, pulmonary vascular
resistance, or invasive hemodynamics.
Authors of another study that assessed
invasive hemodynamics in 62 HIV-in-
fected patients demonstrated that the
presence of HIV-PAH was more likely
in patients with a detectable viral load
and lower CD4 counts than in those
with good viral control.”® Ultimately,
without large-scale prospective studies,
the true effect of antiretroviral therapy
on HIV-PAH is unclear. Based on the
evidence, antiretroviral therapy seems
to have some utility in controlling the
virus, as an association between HIV-
PAH and immune dysfunction seems
to exist. However, antiretroviral therapy
alone does not appear to be enough to
control PAH. Regardless, all patients
with HIV should be put on antiretrovi-
ral therapy based on current guidelines,
irrespective of CD4 count, viral load, or

presence of PAH.*

CLINICAL CHARACTERISTICS
AND DIAGNOSIS OF PATIENTS
WITH HIV-PAH

Patients with HIV-PAH present in a
manner like those with other forms of
Group 1 PAH. Literature review of 131
reported HIV-PAH cases demonstrated
that the most common clinical features
were progressive dyspnea, pedal edema,
cough, fatigue, chest pain, and syncope.”
The interval time between diagnosis of
HIV and the diagnosis of HIV-PAH
was 33 months. Notably, this was an
older study, so it is possible that the time
course may be longer in the contempo-
rary era, with more patients being on
antiretroviral therapy. Chest radiographs
in this review demonstrated that the
most common features were cardiomeg-
aly and an enlarged pulmonary arterial
prominence. Ventilation or perfusion
scans were normal. Electrocardiograms
demonstrated features of right ventric-
ular hypertrophy, right axis deviation,
and sinus tachycardia. Echocardiograms
were notable for the presence of right
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ventricular enlargement, tricuspid regur-
gitation, and paradoxical septal motion.
In this group of patients, the PAH

was advanced, with a mean pulmonary
vascular resistance of 12.2 Wood units.
These data highlight the nonspecific
nature of symptoms, signs, and routine
diagnostic testing so that a high index of
suspicion and low threshold to perform
an echocardiogram and invasive right
heart catheterization is required to de-
tect HIV-PAH.

When PAH is suspected, the most
effective noninvasive initial diagnostic
test is an echocardiogram.55 In addi-
tion to performing echocardiography
in patients living with HIV in patients
who have unexplained symptoms, the
most recent World Symposium on
Pulmonary Hypertension Proceedings
propose screening echocardiography in
selected asymptomatic patients.” In the
general population, the echocardiogram
has a good sensitivity and specificity
for the diagnosis of PAH; however, no
substitute for performing a right heart
catheterization exists.® The necessity of
a right heart catheterization in the diag-
nosis of HIV-PAH is also clear. While
the echocardiogram is still a useful
test to detect HIV-PAH, it has limita-
tions. Direct comparison of PASP via
paired echocardiograms and right heart
catheterizations in patients with HIV
demonstrated that, while only a mild
average bias existed, 1.75 mmHg greater
via echocardiogram, 20% of patients
had a more than 10 mmHg discrepancy
between the 2 modalities so that echo
estimated pulmonary artery pressure
may miss patients who have HIV-
PAH.® Patients with HIV are also at an
increased risk of left ventricular diastolic
dysfunction, which can lead to PASP el-
evations in the absence of PAH, further
confounding echocardiogram results and
validating the need for invasive right
heart catheterization in the diagnosis of
HIV-PAH.”

The most contemporary assessment of
the clinical characteristics of HIV-PAH
comes from the Pulmonary Hyperten-
sion Association Registry.47 While the
number of patients assessed with HIV-
PAH was small, this study was unique
because, in it, authors compared the
clinical characteristics between 23 pa-
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tients with HIV-PAH and 563 patients
with idiopathic PAH. As compared with
those with idiopathic PAH, patients
with HIV-PAH were younger, had a
lower body mass index, and had worse
renal function. Pulmonary vascular resis-
tance was higher in patients with HIV-
PAH than those with idiopathic PAH
(12.8 Wood units versus 10.4 Wood
units), and a trend for a lower cardiac
output, cardiac index, and stroke volume
index existed. The authors of the study
did not find any difference in generic
health-related quality of life as measured
by the Short Form-12 instrument or

in PAH-specific health-related quality
of life as measured by the emPHa-
sis-10 instrument. HIV-PAH patients
also had rates of hospitalizations and
emergency department visits like those
with idiopathic PAH. When assessed by
PAH-specific vasodilator class, patients
with HIV-PAH were treated in a man-
ner like those with idiopathic PAH.

TREATMENT OF HIV-PAH
HIV-PAH falls in the Group 1 PAH
category, and treatment guidelines for
Group 1 PAH should be followed in
HIV-PAH patients.* " In those patients
with low or intermediate risk Group 1
PAH, recommendations include upfront
oral combination therapy with an endo-
thelin receptor antagonist and an agent
targeting the nitric oxide pathway.5 SIf
patients do not achieve a low-risk status
after 2-drug therapy has been initiated,
it is recommended that a prostacyclin
pathway agent is started.” In those with
high-risk disease, parenteral prosta-
cyclin is the standard of care. Because
HIV-PAH patients may have multiple
comorbidities, it is important these
comorbidities be enumerated and well
characterized so that decisions about
PAH therapies can be tailored to each
individual patient.

In the real world, patients with HIV-
PAH are generally treated in a man-
ner like those with idiopathic PAH.*
However, it is important to consider
the potential for drug-drug interactions
between HIV and PAH medications
when choosing therapy for patients with
HIV-PAH. Collaboration between the
PAH and HIV providers is important to

ensure that important drug-drug inter-
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actions are identified and appropriately
managed (Table 1).”

The most notable interaction occurs
between antiretroviral therapy and drugs
in the nitric oxide pathway. The metabo-
lism of the phosphodiesterase-5 inhib-
itors tadalafil and sildenafil occurs via
the cytochrome P450 enzymes CYP3A4
and CYP2C9. Notably, these enzymes
are inhibited by protease inhibitors,
and authors of pharmacokinetic stud-
ies have demonstrated higher plasma
levels of sildenafil when coingested with
the HIV drugs ritonavir, indinavir, and
saquinavir.®>*" Despite the known in-
teraction, most patients seem to tolerate
coingestion without significant adverse
effects.®>* Similar findings were seen
for tadalafil with protease inhibitors.**
While trials studying the guanylate
cyclase stimulator riociguat excluded
patients with HIV-PAH, the interaction
is generally considered low risk because
riociguat is metabolized via multiple
CYP enzymes. Authors of one study
assessing the pharmacokinetics between
riociguat and 5 different HIV regimens
demonstrated tolerability across all the
regimens; however, a threefold increase
in riociguat exposure occurred when pa-
tients coingested riociguat with abacavir,
dolutegravir, and lamivudine.®” Given
the potential for higher plasma con-
centrations of the phosphodiesterase-5
inhibitors and riociguat in patients with
HIV-PAH, we recommend starting at
lower doses, titrating slowly, and moni-
toring for adverse effects closely.

The nonselective endothelin receptor
antagonist bosentan was assessed for
safety and tolerability in a small study
of 16 patients with HIV-PAH.* The
rationale behind this study was that
bosentan induces CYP3A, so it could
increase metabolism of antiretroviral
therapy.”” In the study, bosentan yielded
improvements in PAH-related clinical
parameters, and no change in HIV viral
control at both the 16-week period and
in long-term follow up occurred.®®® The
newer endothelin receptor antagonists
ambrisentan and macitentan have less
potential for interaction. Indeed, HIV-
PAH patients were included in the vari-
ous clinical trials of both agents.sg’(’g’70

Arguably, the most important pathway
in PAH management is the prostacyclin
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Table 1. Effects of HIV medication coadministration on PAH medication kinetics and clinical effectsa

PAH

medications

HIV
medications

Effect on PAH medication

Recommendation

Sildenafil All Pls ¢ Darunavir/ritonavir plus * Consider alternative therapy.
sildenafil 25 mg like sildenafil  [nitiate sildenafil at a low dose (i.e., 20 mg every other day), increase
100 mg alone. slowly with close monitoring for side effects.
¢ Ritonavir 500 mg twice daily
tsildenafil AUC 1,000%
Efavirenz ¢ | sildenafil possible » Titrate sildenafil dose based on clinical effect.
Nevirapine
Etravirine ¢ Sildenafil AUC | 57% * Titrate sildenafil dose based on clinical effect.
Elvitegravir/ ¢ 1 sildenafil expected ¢ Consider alternative therapy.
cobicistat * Initiate sildenafil at a low dose (i.e., 20 mg every other day), increase
slowly with close monitoring for side effects.
Tadalafil All Pls ¢ Ritonavir 200 mg twice daily 1 In patients on a PI > 7 d:
tadalafil AUC 124% « Start tadalafil 20 mg once daily and increase to tadalafil 40 mg once
daily based on tolerability.

In patients on tadalafil who require a PI:

* Stop tadalafil >24 h before Pl initiation. 7 d after Pl initiation, restart
tadalafil at 20 mg once daily and increase to tadalafil 40 mg once
daily based on tolerability.

In patients switching between cobicistat and ritonavir:

¢ Maintain tadalafil dose.

Efavirenz e | tadalafil possible. e May need to titrate tadalafil dose based on clinical effect.

Etravirine

Nevirapine

EIviFe.gravir/ ¢ 1 tadalafil expected. In patients on elvitegravir/cobicistat >7 days:

cobicistat « Initiate tadalafil 20 mg once daily. Increase to tadalafil 40 mg once
daily based on tolerability.

In patients on tadalafil who require elvitegravir/cobicistat:

Stop tadalafil >24 h before elvitegravir/cobicistat initiation. 7 d after

elvitegravir/cobicistat initiation, restart tadalafil at 20 mg once daily and

increase to tadalafil 40 mg once daily based on tolerability.
Riociguat Abacavir ¢ Riociguat 1 AUC200%. ¢ Initiate riociguat at 0.5 mg 3 times daily and monitor for adverse
effects.

Bosentan All Pls With lopinavir/ritonavir: * Do not coadminister bosentan and unboosted atazanavir.

) ¥ g_ofz?;t(%r;“s%?d (Day 4) and In patients on a PI (other than unboosted atazanavir) > 10 d:

y 18 ¢ Start bosentan at 62.5 mg once daily or every other day.
With other Pls:
. ! b t ted In patients on bosentan who require a Pl (other than unboosted
1 bosentan expected. atazanavir):

¢ Stop bosentan >36 h before Pl initiation and restart bosentan 10 d
after Pl initiation at 62.5 mg once daily or every other day.

When switching between cobicistat and ritonavir:

¢ Maintain same bosentan.

Efavirenz e | bosentan possible. If coadministration is necessary, monitor bosentan efficacy.

Etravirine

Nevirapine

Elvitegravir/ * 1 bosentan possible. In patients on elvitegravir/cobicistat >10 d:

cobicistat « Start bosentan at 62.5 mg once daily or every other day based on
individual tolerability.

In patients on bosentan who require elvitegravir/cobicistat:

* Stop bosentan >36 h before elvitegravir/cobicistat initiation. At least
10 d after initiation of elvitegravir/cobicistat, resume bosentan at 62.5
mg once daily or every other day based on individual tolerability.

Abbreviations: AUC, area under the curve; HIV, human immunodeficiency virus; PAH, pulmonary arterial hypertension; Pl, protease inhibitor.

*Adapted from Guidelines for the Use of Antiretroviral Agents in Adults and Adolescents with HIV.*
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pathway. While the initial trials which
established the efficacy of the parenteral
prostacyclins epoprostenol and trepros-
tinil did not include patients with HIV,
these drugs seem to be well tolerated

in HIV-PAH without significant drug
interactions.”"” Prostacyclins can also
be administered in oral and inhaled
routes, and patients with HIV-PAH
were included in the various clinical
trials of these agents.”*”® Additional-

ly, authors of the study investigating

the drug selexipag, an oral selective IP
prostacyclin-receptor agonist, included
patients with HIV-PAH.” Given their
inclusion in the various clinical trials
and the real-world data, the prostacyclin
pathway agents are generally considered
safe and effective in HIV-PAH.

CONCLUSIONS

HIV-PAH is a unique subset of pulmo-
nary vascular disease. The prevalence of
HIV-PAH is at least 0.5% of all people
living with HIV. The mechanism by
which HIV leads to PAH is felt to be
mediated via viral proteins leading to
increased endothelin-1-related vaso-
constriction, inhibition of BMPR2
signaling, chronic inflammation, and

an increased rate of drug and toxin
exposure. These patients have clinical
characteristics like others with Group 1
PAH. Treatment is also like other types
of PAH; however, caution is necessary
when starting the nitric oxide pathway
agents to avoid potentially dangerous
drug-drug interactions.
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Portopulmonary hypertension (POPH) is a rare complication of liver disease occur-
ring when pulmonary arterial hypertension develops in the setting of portal hyper-
tension. It increases the morbidity and mortality compared to patients with cirrhosis

alone. POPH is classified in Group 1 pulmonary arterial hypertension, which has
important implications on treatment. After aggressive treatment and in carefully
selected patients, liver transplantation can be performed; this can be curative of not
only their liver disease but also of their POPH. Treatment and patient selection for
optimum results continues to evolve. This article provides updates on the defini-
tion, clinical course, and treatment of patients with POPH. We will also discuss the
evolving data in treatment and liver transplantation in POPH.

DEFINITION AND DIAGNOSIS
Portopulmonary hypertension (POPH)
occurs when pulmonary arterial hyper-
tension (PAH) develops in the setting of
portal hypertension." The hemodynamic
definition of PAH was modified at the
6th World Symposium for Pulmonary
Hypertension in 2018 in Nice, now de-
fined as a mean pulmonary arterial pres-
sure (mPAP) >20 mm Hg (previously
>25 mm Hg), normal left heart filling
pressure, and a pulmonary vascular re-
sistance (PVR) of >3 Wood units.? The
subclassifications of Group I PAH all
fall under this new definition. However,
specific data regarding the implications
of the changed diagnostic criteria and
response to treatment for many of these
subgroups are lacking (Table 1).” POPH
is included in the Group 1 classification
of PAH, which has important implica-
tions for treatment (see the section on
“Management,” below).’ Since many
patients with cirrhosis also have volume
overload and the wedge pressure can be
>15 mm Hg while still having concom-
itant small vessel arteriopathy, some
experts suggest using a transpulmonary
gradient (mPAP - wedge pressure) >12
mm Hg in the diagnosis of POPH to
adjust for the confounder of intravascu-
lar volume expansion.’

In the United States and other de-
veloped countries, POPH occurs most

often in the setting of chronic liver
disease leading to cirrhosis.” Interest-
ingly, the development of POPH may
not correlate with the severity of the
patient’s liver disease. It is estimated
that 4% to 8% of patients with liver
disease have POPH, but this number
may be an underestimate.”® In some
studies, up to 15% of patients with
portal hypertension have pulmonary
hypertension (PH).” Data regarding
the incidence of POPH are taken
chiefly from liver transplant centers
that employ routine screening via
echocardiography.’

In the developing world, noncirrhotic
POPH is more common and is often
caused by infection with Schistosoma
mansomi leading to extrahepatic portal
hypertension. This infection is sus-
pected to be the most common form
of POPH in the world. Schistosoma
first enters the skin, then travels to the
lungs, where it produces an immune
complex hypersensitivity reaction. Portal
hypertension results from the mechan-
ical obstruction of the presinusoidal
vessels by ova; when this occurs, the ova
can bypass the liver and travel to the
lungs, causing a granulomatous inflam-
matory reaction. Pulmonary vascular
remodeling is suspected to result from
both mechanisms: direct inflammation
and portal hypertension."

Key Words—pulmonary hypertension, portopulmonary hypertension, cirrhosis, liver transplant
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PATHOLOGY

The specific pathology of POPH is
unknown. Patients with POPH have
been found to have higher levels of
endothelin-1. The liver is a major site
of the synthesis, clearance, and action
of endothelin-1, and one theory is that
in portal hypertension, more endothe-
lin-1reaches the pulmonary circulation,
resulting in vasoconstriction by binding
with the endothelin A receptor.”” There
may also be an autoimmune component
to the disease since the female sex and
the presence of autoimmune hepati-

tis seem to be particular risk factors.”
Recent research has suggested that
estrogen signaling may play a role as
well. A case-control study showed that a
single-nucleotide polymorphism in aro-
matase rs7175922 was associated with
higher levels of estradiol and increased
odds of developing POPH (odds ratio:
2.38).1

PRESENTATION AND CLINICAL
FEATURES

The initial presentation of POPH is
similar to other etiologies of PAH with
fatigue and dyspnea. This eventually
progresses to the more apparent signs
of right ventricular failure with edema
(both lower extremity and abdomi-
nal), elevated jugular venous pressure,
lightheadedness, and syncope.” While
the insidious development of PAH is
difficult to diagnose in all comers, it is
particularly difficult in patients with
liver disease as many of the early non-
specific, and even late symptoms can be
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Table 1. Classification of Pulmonary Hypertensiona

Group 1, PAH

Idiopathic

Heritable

Drug and toxin induced

PAH associated with
e Connective tissue disease
* Human immunodeficiency virus
* Portal hypertension
¢ Congenital heart disease

Schistosomiasis

Long-term responders to calcium channel blockers

Pulmonary veno-occlusive disease

Persistent PH of the newborn

Group 2, PH due to left heart disease

Due to heart failure with preserved LVEF

Due to heart failure with reduced LVEF

Valvular heart disease

Congenital/acquired cardiovascular conditions leading to post-capillary PH

Group 3, PH due to lung diseases and/or hypoxemia

Obstructive lung disease

Restrictive lung disease

Other or mixed obstructive or restrictive lung diseases

Hypoxia without lung disease

Developmental lung disorders

Group 4, PH due to pulmonary artery obstructions

Chronic thromboembolic PH

Other pulmonary artery obstructions

Group 5, PH due to unclear and/or multifactorial mechanisms

Hematologic disorders

Systemic and metabolic disorders

Other

Complex congenital heart disease

Abbreviations: PAH indicates pulmonary arterial hypertension; PH, pulmonary hypertension;

LVEF, left ventricular ejection fraction.

*Table was adapted with permission from Galie et al.?

attributed to their underlying liver dis-
ease. Screening tests for POPH mirror
screening in other patient populations
and includes a transthoracic echocardio-
gram.'® Signs of right heart dysfunction
or elevated estimated PA systolic pres-
sures >38 mm in one registry were used
as positive screening tools, followed by
a right heart catheterization (RHC). In
other institutions, a right ventricular sys-
tolic pressure of 50 mm Hg is used due
to the other confounding hemodynamic
abnormalities common in the cirrhotic
pa'cif:nt.17 The hemodynamic derange-

124 Advances in Pulmonary Hypertension

ments in cirrhotic patients are complex
and may present with a few different
patterns, emphasizing the need for a
careful hemodynamic evaluation. In cir-
rhotic patients without POPH, the most
common hemodynamic pattern is a high
cardiac output, high flow state with low
systemic vascular resistance, low PVR,
and low pulmonary capillary wedge
pressure. This occurs in 30% to 50% of
patients with cirrhosis. In patients with
more advanced liver disease and volume
overload, the hemodynamics change but
are still characterized by high cardiac
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mPAP  PVR

t 01 <
¢t o o 1

1N

CO PCWP

« Hyperdynamic
circulatory state

* Excess volume

* Vasoconstriction
with vasoproliferation
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Figure 1: lllustration of the various
hemodynamic parameters that occur in
patient with cirrhosis. mPAP indicates mean
pulmonary artery pressure; PVR, pulmonary
vascular resistance; CO, cardiac output; and
PCWP, pulmonary capillary wedge pressure.

output, high circulating pulmonary pres-
sures, and a high pulmonary capillary
wedge pressure. However, the calculated
PVR is still in the range of normal due
to the increased cardiac output.™

In POPH, the hemodynamics are
characterized by high pulmonary pres-
sures with a normal pulmonary capillary
wedge pressure and high, normal, or
even low cardiac output; the cardiac
output will vary due to the degree of
hemodynamic derangement due to un-
derlying liver disease and the degree of
right heart failure. This results in a high
PVR (Figure 1). Notably, a low cardiac
output in patients with POPH portends
a very poor prognosis since cirrhosis is
typically associated with a high-output
state.'>"’

Patients with cirrhosis can also have
other risk factors for PAH. Some risk
factors for developing cirrhosis overlap
with risk factors for developing PAH.
For example, intravenous drug abuse
increases the risk of acquiring both hep-
atitis C and human immunodeficiency
virus; methamphetamine use, in partic-
ular, is associated with the development
of Group 1 PAH as well.” Therefore, to
firmly establish the diagnosis of POPH,
there needs to be objective evidence of
elevated portal pressures. Often, this is
clinically evident by history, laboratory
evaluation, and physical exam (ascites,
presence of varices, etc.). If the diagno-
sis is in question, it can be confirmed
with hemodynamic measurements.
Portal hypertension can be diagnosed by
measuring the difference between the
hepatic vein wedge and free pressure;
wedged hepatic venous pressure is an
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estimate of pressure within the portal
venous system, whereas free hepatic
venous pressure reflects systemic venous
pressure. A difference of >5 mm Hg is
consistent with portal hypertension.”
This pressure gradient can be measured
during RHC and is easier to do when
the femoral vein is accessed.

CLINICAL COURSE

Compared with other forms of Group

1 PAH, patients with POPH have a
worse prognosis. Decreased survival and
increased hospitalization rates were seen
compared to patients with idiopathic
PAH in the REVEAL registry, which is
the largest data set available for POPH.
Patients with POPH were 3 times more
likely to die despite having “better” he-
modynamic parameters.® In a paper out
of the French registry, outcomes were
reported in 154 POPH patients, both
treated and untreated. There was a 68%
5-year survival. Child B and C cirrhosis
and lower cardiac index were associated
with worse outcomes."’

Similarly, in the chronic liver disease
population, outcomes for patients with
POPH in the moderate to severe range
(mPAP > 45 mm Hg) are worse com-
pared with matched controls with the
same model for end-stage liver disease
(MELD) score.*

A retrospective screening RHC
analysis of 74 patients with POPH
seen at the Mayo Clinic demonstrated
a 14% 5-year survival in patients that
received no PH-directed treatment,

a 45% survival in those who received
vasodilator therapy, and a 67% survival
if they received pretreatment for PH
followed by orthotopic liver transplanta-
tion.” This has led to the paradigm that
POPH survival improves with treatment
and should be treated with PH-directed
therapy. Also, and of equal importance,
if the hemodynamic parameters become
favorable enough, liver transplanta-

tion significantly increases long-term
survival.!

MANAGEMENT

General management of patients with
both right ventricular failure and cirrho-
sis includes diuretics, a low-sodium diet,
and lifestyle modifications.'”"* It is
also worth addressing nutritional status

Table 2. POPH Survival Statistics

Treatment 5-year survival

No treatment 14%
Liver transplant alone 25%
Pulmonary hypertension treatment alone 45%
Pretreatment for POPH then liver 67%
transplant

Abbreviation: POPH indicates portopulmonary hypertension.

as patients with liver disease are typical-
ly in a catabolic state, and sarcopenia is
common.”

Beta-blockers are typically used in cir-
rhotic patients with a history of varices.
However, in a small series of 10 patients
with POPH on beta blockers, baseline
RHC and walk distance was measured.
After this initial assessment, their beta
blockers were stopped. Nine of the 10
patients improved their walk distance,
and their cardiac output improved by
28%, with a 19% increase in PVR. Since
moderate to severe PH patients may be
stroke-volume limited and highly de-
pendent on heart rate for cardiac output,
beta blockers are not recommended in
patients with POPH, and banding of
their varices may be a better option than
medical therapy.”

Additionally, although they are com-
monly used to control severe sequelae
of portal hypertension in cirrhotic
patients, it is also recommended to avoid
transjugular intrahepatic portosystemic
shunts in patients with POPH. This
procedure will increase flow through
the pulmonary circulation, increase
right-sided pressures, and may precipi-
tate worsening right ventricular failure.”
Screening echocardiograms are often
done before elective transjugular intra-
hepatic portosystemic shunt procedures
to rule out subclinical PAH.

As delineated above in Table 1, POPH
is classified into Group 1 PAH, and
there are several US Food and Drug
Administration (FDA)-approved medi-
cations for this group.' The pivotal trials
for these medications typically excluded
patients with cirrhosis, so it is unclear
how generalizable the results of these
randomized double-blinded controlled
trials are for patients with POPH. Thus,
we often rely on case series, single-center
studies, and expert opinions to guide

therapeutic choices for POPH. The

5
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classes of medications with Group 1
PAH indications are phosphodiesterase
(PDE)-5 inhibitors and cyclic guanosine
monophosphate (GMP) inhibitors (both
targeting the nitric oxide pathway), en-
dothelin antagonists, and prostacyclins.

Nitric Oxide Pathway

The 2 FDA-approved PDE-5 inhib-
itors for Group 1 PAH are sildenafil
and tadalafil. The data available are
from small trials but do show that the
6-minute walk distance is increased
and the levels of N-terminal pro-brain
natriuretic peptide (NT-proBNP) are
improved when these medications are
used in patients with POPH.*

Riociguat, a soluble guanylate cyclase
stimulator, was approved by the FDA
based on the PATENT clinical trial,
which showed improvement in walk
distance, PVR, biomarkers, functional
class, and time to clinical worsening
in patients with World Health Orga-
nization Group I PAH. Patients with
POPH were included in this trial (a
rarity) but only comprised 3% of the
trial participants.”’

Of note, since both PDE-5 inhibitors
and cGMP stimulators increase nitric
oxide, they cannot be used in combina-
tion with each other as the combination
can lead to severe hypotension.”

Endothelin Pathway
Bosentan, ambrisentan, and maciten-
tan are the FDA-approved endothelin
receptor antagonists for Group 1 PAH.
Trials of endothelin receptor antagonists
have demonstrated improvements in he-
modynamics and walk distances.” The
data for POPH patients are less robust.
Bosentan has some limited data in
POPH patients showing improvements
in exercise capacity and survival®®”; still,
its use has largely fallen by the wayside

given its risk for hepatotoxicity due to
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interference with a bile salt transporter
and the resultant need for liver function
monitoring.” This side effect would

be hazardous in patients with chronic
liver disease, and it is not recommended
for use in patients with POPH. Am-
brisentan does not cause hepatotoxicity
and is a much more attractive agent for
patients with POPH. A large open-label
trial looked at ambrisentan and POPH;
it showed improvement in hemodynam-
ics but no change in exercise capacity.”
Macitentan, in a recent multicenter
randomized controlled trial specifically
in POPH patients, showed significant
(35%) improvement in PVR but no
significant improvement in 6-minute
walk distance.** Macitentan, like ambris-
entan, has no significant hepatotoxicity.
The incidence of anemia is 13.2%";

this should be monitored and is an
important consideration in patients with
chronic liver disease.

Prostacyclin Pathway

Prostacyclins have been the mainstay
of PAH treatment for decades, and
clinicians rely on them to improve the
hemodynamics of patients with poor
functional status and concerning hemo-
dynamic parameters.” The intravenous
formulations include epoprostenol and
treprostinil. The latter is also available
in subcutaneous, intravenous, and oral
forms. Iloprost is another prostacyclin
available in the intravenous (Europe
only) and inhaled formulation.

The oral prostacyclin (treprostinil)
and selexipag, an oral prostacyclin
receptor agonist, have data in Group 1
PAH, but no data exist in the POPH
population.

Prostacyclin infusions have been
used to improve the hemodynamics in
patients in anticipation of undergoing
liver transplantation with overall success.
In small single-center trials, mPAP,
cardiac output, and PVR all improve on
prostacyclin infusions in patients with
POPH.”"* Specifically, in liver trans-
plant candidates, studies have demon-
strated improvement in hemodynamics
followed by liver tramsplantation.37‘40‘41

LIVER TRANSPLANTATION

Liver transplantation has a long and

storied history in patients with POPH.
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Historically, due to either lack of di-
agnosis or lack of treatment of POPH
in patients with cirrhosis, patients with
POPH who underwent liver transplan-
tation had significantly worse outcomes
than matched controls without POPH.®
If the preoperative systolic pressure was
estimated at >60 mm Hg, the 9-month
mortality after liver transplantation was
42%.* Given that, for many years, many
centers had not offered transplantation
for patients with moderate or severe
POPH. However, with the advances

in medical therapy in POPH, the data
now show that if the hemodynamics
can be improved with intravenous and/
or oral PAH-directed medications,

liver transplantation can be pursued
with success.’ #0414 Retrospective data
suggest that if the mPAP is <35 mm
Hg and there is normal right ventricular
function, the perioperative mortality is
not increased beyond that of a patient
without POPH undergoing transplan-
tation in carefully selected patients.
Conversely, if the mPAP is >50 mm Hg,
the perioperative mortality approaches
100%.** Therefore, if pursuing liver
transplantation, the treatment goal is to
maximize medical therapy to obtain an
mPAP of <35 mm Hg.”

The United Network for Organ Shar-
ing (UNOS) allows for exception points
to be given to transplant candidates with
mortality risks not calculated by the
MELD score. Given the increased mor-
tality risk in patients with POPH com-
pared to their MELD-matched controls,
UNOS suggests adding exception points
for patients with a confirmed diagnosis
of POPH that have reached the goal
mPAP of <35 mm Hg and PVR <5
Wood units.*® Of note, this documenta-
tion needs to be updated every 3 months
with a repeat RHC to remain current. In
a retrospective cohort study of patients
in the Organ Procurement Transplant
Network database who were listed
for liver transplantation with MELD
exception points, 11.1% of patients were
reported as removed from the trans-
plant list for clinical deterioration or as
a 1-year waitlist mortality. Age, initial
MELD score, and initial PVR were
predictors of waitlist mortality49’5 0

Of note, most of the data on which
the current guidelines and excep-
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tion-points rules were based were
collected before the advent of current
medical therapies, or patients were not
on any PH-directed therapy. Often,
these data were obtained in the oper-
ating room at the time of transplant;
therefore, mPAP was recorded, but not
the full hemodynamic profile. Because
of this, mPAP is the hemodynamic
criteria emphasized in MELD exception
guidelines. Recently investigators que-
ried whether a strict cut-off of 35 mm
Hg was necessary to ensure successful
transplantation. The investigators noted
that modern PH therapy may drive up
the patient’s cardiac output, thereby in-
creasing pulmonary pressures above this
threshold while having a low PVR and
good right ventricular function, likely
better markers of transplant candidacy
than mPAP alone. Sixteen patients with
a diagnosis of POPH on PH-directed
medications were included. The hemo-
dynamics prior to transplant showed an
mPAP >35 mm Hg but with a PVR
<250 dynes s cm™. One-year survival
was 69%; this survival is similar to other
cohorts of patients with POPH under-
going transplant. More than half of the
survivors were able to discontinue PH
medications posttransplantation.5 !This
suggests that a full hemodynamic pro-
file, including right ventricular function,
may be more important than the strict
mPAP number cutoff in the modern era
of PH therapy.

Despite the evidence that the survival
of patients with POPH is improved
with liver transplantation,’ the periop-
erative course can be complicated,
and a team of PH experts to manage
the hemodynamics in the intra- and
perioperative periods is recommended.
An intraoperative event known as reper-
Jfusion syndrome may be poorly tolerated
in patients with compromised right
ventricular function. Cardiac output
increases acutely at the time of liver
allograft reperfusion and rises to triple
its baseline in as little as 15 minutes.*?
This can cause acute elevations in right
ventricular pressures, bradycardia, and
acute right ventricular failure. Prompt
and adept use of inhaled or intravenous
prostacyclins and nitric oxide has been
used to mitigate this injury with mixed
results.”*® It is also suspected that sur-
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Survey of Practice Patterns (% respondents)

NONE OF THE ABOVE

PVR >400 DYNES/S/CMS5 (5 WOOD UNITS) REGARDLESS OF MPAP

PVR >240 DYNES/S/CMS5 (3 WOOD UNITS) REGARDLESS OF MPAP

MPAP >35 MM HG WITH AN ELEVATED PVR > 400 DYNES/S/CM557

MPAP >35 MM HG WITH AN ELEVATED PVR > 240 DYNES/S/CM5

MPAP >35 MM HG REGARDLESS OF PVR GORY 2

MPAP >50 MM HG

UNSURE

PH Specialist = Hepatologists = All

90 100

Figure 2: Graph depicting the vast range of provider attitudes and beliefs at high-volume liver transplant centers surrounding liver transplantation
criteria for patients with portopulmonary hypertension. The graph represents the percentage of respondents of pulmonary hypertension specialists
(grey bar), hepatologists (orange bar), and combined (blue bar) who responded “yes” when asked: “Which of the following were considered
absolute contraindications to liver transplantation?” PVR indicates pulmonary vascular resistance; mPAP, mean pulmonary artery pressure. Figure

adapted with permission from DuBrock et al.*”

gical factors play a role; less blood loss,
less time under anesthesia, and fewer
fluid shifts are likely associated with a
smoother intraoperative course.

The 5-year survival posttransplanta-
tion in patients with POPH has been
reported as 54% to 87%; worse than
non-POPH patients posttransplant.
Most patients’ hemodynamics will
improve posttransplant as the portal hy-
pertension is improved; however, this is
not entirely consistent, and it takes time
for the pulmonary vasculature to reverse
remodel; 3 to 6 months is typical, and
patients should stay on their PH-direct-
ed medications until they are followed
up as an outpatient. Forty percent to
50% of patients will eventually discon-
tinue their medication, but a substan-
tial portion may need some long-term
pulmonary vasodilators.*7#041:5

Because of inconsistent postoperative
results, provider beliefs and attitudes on
liver transplant in patients with POPH
is far from unanimous, even among the
experts in the field. A recent article by
DuBrock et al*” highlighted provider at-
titudes regarding POPH and liver trans-
plantation at centers that performed > 50
transplants/year. The responses varied

54,55

widely even among this select group
(Figure 2). This survey highlighted the
variability of management strategies and
attitudes among POPH specialists. For
example, 15% of providers believed that
POPH rarely or never improves after
transplantation, while 42% responded
that the PH always or often improves.
Fifty percent agreed that treated POPH
should be an indication for liver trans-
plantation. This, of note, does not line
up with current guidelines. Again, nearly
half thought that the MELD exception
criteria should be modified. This survey
highlights the need for multicenter
prospective studies, updated practice
guidelines, and adherence thereof to

improve the standardization of care.”’

CONCLUSIONS

POPH is a rare complication of por-
tal hypertension. It is characterized by
progressive pulmonary arteriopathy and
vasoconstriction similar to other forms
of PAH, progressing to right ventricular
failure over time. Its presence increases
the mortality rate compared with both
similarly matched patients with PH or
cirrhosis alone. The past 2 decades have
demonstrated the efficacy of PH-direct-

Advances in Pulmonary Hypertension

ed therapy in this patient population,
showing improvements in hemodynam-
ics and other clinical outcomes. The
role of liver transplantation in POPH
continues to evolve; however, it is evi-
dent that in a select group of patients
who have controlled hemodynamics,
liver transplantation can be curative of
not only their liver disease but also of
their POPH. Additional prospective
multicenter studies are necessary to help
determine posttransplant outcomes and
hemodynamic responsiveness in the era

of updated PH therapeutics.
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Advanced practice nurses play an integral role in the management of chronic throm-

boembolic pulmonary hypertension patients undergoing pulmonary thromboend-

arterectomy and balloon pulmonary angioplasty. As integral members of the multi-

disciplinary team, advance practice nurses assist chronic thromboembolic pulmonary

hypertension patients in the presurgical, postsurgical, and procedural settings by

ensuring appropriate referral, workup, evaluation, and education.

INTRODUCTION

Chronic thromboembolic pulmonary
hypertension (CTEPH) is a progressive
pulmonary vascular disorder charac-
terized by the deposition of chronic
thrombotic material in the pulmonary
arterial vasculature leading to obstruc-
tion of flow and ultimately remodeling
of the vasculature and subsequent right
heart failure if left untreated. Estimates
vary, however the overall incidence of
CTEPH following acute pulmonary
embolism (PE) is approximately 3% (1%
to 5%)."” Notably, a substantial number
of patients report no prior history of
PE." The management and treatment
of CTEPH differs from other forms of
pulmonary hypertension (PH) in that
it is potentially reversible with pulmo-
nary thromboendarterectomy (PTE)
surgery.* In addition, for patients who
are not surgical candidates or those with

persistent PH following PTE, medical

therapies and interventional therapies,
specifically balloon pulmonary angio-
plasty (BPA), may play a crucial role in
achieving improvement.

At our center, patients with PH and
CTEPH are initially seen and managed
by the Pulmonary Vascular Disease
service, comprised of critical care pulm-
onologists and advanced practice nurses
(APNs). Once diagnosed with CTEPH,
patients are evaluated to determine can-
didacy for PTE or BPA by the CTEPH
multidisciplinary team. This multidisci-
plinary team is comprised of additional
disciplines including cardiothoracic
surgery, interventional radiology (IR),
and APNs in each of these specialties.
The multidisciplinary team approach
to assess candidacy for surgical PTE or
BPA includes comprehensive review of
the patient’s medical history, presence
of comorbid conditions, and right heart
catheterization data, as well as imaging

Key Words—advanced practice nurse, CTEPH, pulmonary thromboendarterectomy, balloon pulmonary

angioplasty, pulmonary hypertension
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modalities including ventilation-per-
fusion scans, echocardiograms, chest
imaging, and pulmonary angiography.
This process is critical in achieving posi-
tive surgical and procedural outcomes.
APNs play an integral role in the
evaluation, management, and educa-
tion of CTEPH patients, guiding them
through an often complicated, and
at times overwhelming, process from
diagnosis to treatment. At our center,
APNs provide patient education and
management including evaluation for
potential surgical and/or medical thera-
pies, perform preprocedural evaluations,
provide inpatient postoperative and
postprocedure management, and provide
continuity with outpatient follow-up
after a given treatment strategy. Using
a patient-centered approach in which
the patient and family are involved, the
APN is tasked to ensure patients and
their families understand the diagnosis
and treatment options and assist them
in setting realistic expectations in terms
of procedural outcomes and possible
improvements in functional ability.1‘7'9
The APNs are available to answer any
questions that often arise and are a valu-

1,5-7
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able component to a successful CTEPH
program.‘/”7 In this article we will review
the role of the APN, specifically the
nurse practitioner, as part of the inter-
disciplinary team caring for CTEPH

patients.

APN ROLE: PTE
PTE is a potentially curative treatment
option for CTEPH. The surgery is rela-
tively young and has improved through-
out the years. The first pulmonary
endarterectomy was performed in 1957,
approximately 30 years after the disease
was first noted.'’ That patient lived for
just a few hours."’ The introduction of
cardiopulmonary bypass during PTE
allowed for greater success, and by 1989,
250 surgeries had been performed. At
that time, the mortality rate was around
20%." Today the mortality rate is less
than 5%."° Techniques devised at the
University of California San Diego,
including the use of circulatory arrest
during PTE and the creation of specific
surgical instruments that allow for more
distal retrieval of fibrous clots, have re-
sulted in lower mortality rates.'” Perhaps
most important in the success of PTE
is using a multidisciplinary approach at
dedicated CTEPH centers that include
the cardiothoracic surgeon, pulmon-
ologist, interventional radiologist, and
APNG. This section will highlight some
of the roles of the APN in the care of
PTE patients.

First and foremost, any patient with
a history of PE and chronic dyspnea
should be referred to a CTEPH center.
Early referral can prevent the develop-
ment of secondary small vessel vascu-
lopathy that will result in suboptimal
outcomes post-PTE (ie, residual PH)
and reduce the increased risk of morbid-
ity and mortality."" At our institution,
patients are referred directly from our
pulmonary colleagues. The APN in the
cardiothoracic setting ensures each pa-
tient has undergone a thorough workup
and orders appropriate testing that has
not yet been completed. These tests in-
clude a transthoracic echocardiogram to
evaluate right ventricular function and
systolic pressure, a computed tomogra-
phy of the chest to evaluate for presence
and extent of thrombotic disease, a
ventilation-perfusion scan to confirm

and determine the amount of perfusion
and ventilation mismatch, and a pul-
monary angiogram to delineate disease
location and provide baseline left and
right pulmonary artery pressures. Other
important preprocedural considerations
the APN includes are evaluating antico-
agulation, obtaining a complete history
and physical, and determining if the pa-
tient has a history of recurrent deep vein
thrombosis or PE. To minimize compli-
cations, the APN refers any patient with
recurrent deep vein thrombosis, PE, or
suspected coagulopathy to hematology
prior to surgery. A patient with concur-
rent deep vein thrombosis and evidence
of anticoagulation failure is referred for
inferior vena cava filter placement prior
to surgery.”” IR places the inferior vena
cava filter, and given documented low
rates of retrieval, follow-up by the APN
is necessary to prevent potential compli-
cations such as filter migration, throm-
bosis, or inferior vena cava fracture and
embolization."

Surgery for PTE is approximately 8
hours in duration. The patient recov-
ers in the intensive care unit and is
followed closely by the pulmonary and
cardiothoracic teams. Careful monitor-
ing for reperfusion injury or pulmonary
edema is imperative in the immediate
postoperative period. The APN will
order nitric oxide, allowing for de-
creased pulmonary vascular resistance
and improved oxygenation." PTE is
performed with deep hypothermic
circulatory arrest, a cooling of the body
to less than 20 degrees to reduce harm
to the central nervous system. A neuro
exam is performed by the APN to eval-
uate for possible neurological sequela.
Transient neurological dysfunction,
such as confusion, motor weakness,
seizure, agitation, and/or delirium can
occur after PTE and is typically seen in
patients with longer deep hypothermic
circulatory arrest time and in indi-
viduals greater than 64 years of age.15
Additional management considerations
include right ventricular support with
inotropes and early mobilization and
ambulation to improve patient func-
tionality and reduce the risk of post-
operative deep vein thrombosis, lung
infection, and pleural effusion.”® The

length of stay for a PTE patient at our
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institution is approximately 5 days.
Patients are discharged on warfarin
anticoagulation with a goal internation-
al normalized ratio (INR) between 2 to
3. The APN must emphasize adher-
ence to lifelong anticoagulation as it
remains integral to the treatment of the
CTEPH patient."” Before discharge, it
is common practice at our institution
to obtain an echocardiogram. Approx-
imately 25% of PTE patients develop
a pericardial effusion postsurgery, and
5% require surgical drainage.'® Zhang
and colleagues reviewed 502 patients
that underwent PTE between 2018
and 2020 and determined that younger,
taller males were more likely to experi-
ence postoperative pericardial effusion
as well as patient patients with re-en-
try sternotomies.' Once a pericardial
effusion is found, the patient is serially
monitored with echocardiogram to
ensure stability or improvement. The
APN will need to monitor and main-
tain tight control of the patient’s INR
to prevent supratherapeutic levels that
may result in potential worsening effu-
sion or tamponade physiology.

Following discharge, the PTE patient
will have a return follow-up visit in the
cardiothoracic outpatient clinic. The
surgical APN provides recovery expec-
tations and continues to closely monitor
for complications through an in-person
follow-up in addition to telehealth mon-
itoring. At our institution, it is common
for the APN to manage the patient’s
INR in the outpatient setting until the
INR reaches a therapeutic level. The
pulmonary team will schedule a visit
and perform baseline testing postsurgery
that allows for an objective assessment
of pulmonary artery pressure, right ven-
tricular function, exercise capacity, and
quality of life."

Early referral of patients with un-
explained dyspnea following PE
with appropriate anticoagulation to a
CTEPH center remains a critical first
step in successful treatment. PTE is an
option for some patients with CTEPH
and can be curative. The APN assists
the CTEPH patient in the presurgical
and postsurgical settings by ensuring
appropriate referral, surgical workup,
postoperative monitoring, and medica-
tion management.
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APN ROLE: BPA

BPA is a safe and effective cathe-
ter-based therapy for select CTEPH
patients. BPA is an option available to
CTEPH patients who are not eligible
for surgical intervention with PTE for
a variety of reasons including certain
comorbidities, persistent symptoms
despite optimized surgical or medi-

cal therapy, patient request for a less
invasive procedure, or for residual PH
post-PTE."»*1®"2 The survival rate for
nonsurgical PTE candidates has signifi-
cantly improved since the availability of
BPA as well as newer medical thera-
pies.”” Taniguchi and collegues looked
at the survival rates of nonoperative
CTEPH patients that underwent BPA
and found 1-year and 3-year survival
rates of 98.8% and 92.9%, respectively.”’

BPA was first attempted in 1988 to
treat acute PE in patients that did not
respond to treatment with anticoag-
ulation or thrombolytic therapy. The
first reported case of BPA for CTEPH
occurred in the same year and resulted
in improved cardiac function, pulmonary
pressures, and exercise tolerance, howev-
er, it was not widely adopted because of
high complication rates. Work continued
refining the procedure and once BPA
was performed in a staged manner, the
risk of complications was significantly
reduced.?*

At our institution, BPA is performed
by vascular interventional radiologists.
As the CTEPH patient volume and case
complexity grew, IR reevaluated their
resources which lead to the addition of
an APN to their multidisciplinary team
to assist with preprocedural evaluations
and postprocedure follow up.zs’zé Prepro-
cedure, the APN reviews the patient’s
medical history, pertinent laboratory
work, and evaluates for any possible
contrast allergies which would indicate a
need for premedication orders. Coag-
ulopathies may be identified which re-
quire the APN to involve hematology in
the case."” A transthoracic echocardio-
gram is reviewed to evaluate pulmonary
artery pressure and RV function.™ In
addition to echo data, the severity of PH
is evaluated by review of the patient’s
right heart catheterization data and the
patient’s functional status including
current symptoms and limitations. A
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thorough medication reconciliation as
well as documentation of baseline activ-
ity tolerance and oxygen requirements
are also evaluated prior to BPA. Imaging
review with the IR and multidisciplinary
team is an integral step to identify the
location and nature of thromboembolic
lesions. Distal lesions in the segmental
and subsegmental vasculature, down to
small pulmonary arteries of 2 to 5 mm
in diameter, that are considered inac-
cessible to PTE may be amenable to
BPA.>7

As an educator, the APN has an
important role within the multidis-
ciplinary team providing patient and
family education to enhance under-
standing of the disease state, explaining
the BPA procedure, and assisting with
care coordination to help the patient
navigate successfully through the pro-
cess.””® Quality preprocedural education
empowers the patient to make decisions
that will meet their needs and goals of
care. The APN provides this education
through the creation of patient-specific
education materials and helps to educate
hospital staff in the care of these com-
plex patients to optimize outcomes.”’

BPA is performed in a staged, step-
wise manner to reduce radiation expo-
sure and to decrease the risk of compli-
cations such as reperfusion pulmonary
edema and renal impairment due to
contrast medium over 1 or multiple
sessions.”"””" Multiple vessel locations
may be addressed during a single BPA
session and are generally limited to
1 lung. At our institution, 2 separate
sessions are usually performed during 1
hospitalization, allowing for at least 24
hours in between sessions. Postprocedur-
al monitoring takes place in the medical
intensive care unit and involves cardiac
monitoring and ongoing evaluation
of oxygenation with close attention to
increased oxygen requirements that may
indicate lung injury. The IR APN also
monitors the patient for potential proce-
dural complications, all of which require
prompt intervention, including reper-
tusion pulmonary edema that may mani-
fest immediately or several days postpro-
cedure, hemoptysis, contrast associated
renal dysfunction, and access site
issues.”! Postprocedural labs including

CBC and BMP are monitored closely.
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Serial chest x-rays are reviewed to survey
for reperfusion pulmonary edema and/or
pulmonary hemorrhage that may occur
as a result of vascular injury during
BPA.*" At our institution, resumption
of oral anticoagulation is multifactorial,
taking into consideration the patient’s
overall stability, and is usually resumed
the evening after the procedure if

there are no bleeding complications or
subsequent procedures scheduled. Close
monitoring for signs and symptoms of
bleeding after restarting anticoagulation
is imperative. The APN ensures that
patients understand the importance of
taking oral anticoagulation as directed
with a discussion of warning signs to
contact their provider post-BPA. The
CTEPH multidisciplinary team collab-
orates to determine if a second session is
appropriate during a given hospitaliza-
tion based on the patient’s response to
the initial BPA including change in PA
pressures post-BPA, and overall stability
without complications or increases in
oxygen requirements. Similar criteria are
used to determine timing of discharge
with most patients being discharged as
early as 24 to 48 hours post-BPA. In
the event future procedures are warrant-
ed, the risks and benefits of additional
interventions will be reviewed by the
multidisciplinary CTEPH team as an

outpatient.

APN ROLE: FOLLOW UP POST-
BPA

Post-BPA follow up with Pulmonary
Vascular Disease clinic is essential and
should be arranged during the hospital
admission to ensure a seamless discharge
and continuity of care in the outpatient
setting. At our institution, like other
expert BPA centers, 4-week follow-up
includes repeat perfusion imaging,
echocardiography, functional class
assessment, 6-minute walk testing, and
evaluation of brain natriuretic peptide
levels.”>*" At this first posthospital visit,
discussion about timing of the next
staged BPA procedure, if indicated,
occurs. The quantity of procedures per-
formed will vary from patient to patient
and is determined by severity of disease,
target lesion morphology and accessibil-
ity, as well as the expertise of the BPA

center.’”*? If additional targeted areas
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are identified, a repeat BPA session is
scheduled within 4 to 6 weeks.*® On
average, anywhere from 2 to 10 sessions
are required.’>”

Medical therapy to treat inoperable
CTEPH, both pre-BPA and post-BPA,
is also discussed in the outpatient set-
ting. Riociguat is a soluble guanylate-cy-
clase stimulator that works to promote
vasodilation and decrease pulmonary
vascular remodeling and inflammation,
and is the only drug approved for treat-
ment of CTEPH.*"** Current research
is investigating the use of riociguat and
BPA in combination therapy to improve
patient outcomes. These data suggest
that patients treated with medical
therapy prior to BPA decrease the risk
of complications in the postprocedure
setting, indicating the benefit of se-
quential treatment methods to improve
functional capacity and hemodynamics,
and reduce potential complications asso-
ciated with BPA.3**

Anticoagulation in this patient popu-
lation is lifelong, usually with use of ei-
ther vitamin K antagonists or direct oral
anticoagulants, however there is limited
data to make formal recommendations
in regards to direct oral anticoagulants
therapy speciﬁcally.31’32’35 Current guide-
lines recommend vitamin K antagonists
for CTEPH patients, with a target INR
range of 2 to 3, though there is clearly
a need to evaluate the safety of direct
oral anticoagulants therapy compared to
standard of care in this population with
further prospective data review.”'

Ultimately, further research is needed
to define the standards of practice across
institutions and provide data on long-
term outcomes in BPA.

SUMMARY

Research has consistently demonstrated
that APNs provide high-quality care
with excellent outcomes that are safe,
patient-centered, and cost effective.
Involvement of an APN on the mul-
tidisciplinary team for patients with
complex illnesses such as CTEPH

has been shown to lead to improved
outcomes and greater patient satisfac-
tion.**%* At our center, the addi-

tion of APNs from the pulmonology,
cardiothoracic surgery, and IR specialties
enhances multidisciplinary collaboration

among the CTEPH team and is aimed
at improving care and outcomes in this
patient population.”

References

1. Al Abri Q, Lu AJ, Ramchandani MK.
Chronic thromboembolic pulmonary
hypertension: a comprehensive review
and multidisciplinary approach to surgical
treatment. Methodist Debakey Cardiovasc
J.2021;17(2):e18-¢28. doi:10.14797/
1QTU6714.

2. Puengpapat S, Pirompanich P. Incidence
of chronic thromboembolic pulmonary
hypertension in Thammasat University
Hospital. Lung India. Sep—Oct 2018.
35(5):373-378. doi:10.4103/lungindia.
lungindia_158_18.

3. Zhang M, Wang N, Zhai Z, et al. Incidence
and risk factors of chronic thromboembolic
pulmonary hypertension after acute
pulmonary embolism: a systematic review
and meta-analysis of cohort studies. J Thorac
Dis. 2018;10(8):4751-4763. d0i:10.21037/
jtd.2018.07.106.

4. Sato H, Ota H, Sugimura K, et al. Balloon
pulmonary angioplasty improves biventricular
functions and pulmonary flow in chronic
thromboembolic pulmonary hypertension
[published online ahead of print April
20,2016]. Circ J. 2016;80:1470-1477.
doi:10.1253/circj.CJ-15-1187.

5. Madani M, Ogo T, Simonneau G.

The changing landscape of chronic
thromboembolic pulmonary
hypertension management. Eur
Respir Rev. 2017;26(146):170105.
doi:10.1183/16000617.0105-2017.

6. Beshay S, Sahay S, Humbert M.

Evaluation and management of pulmonary
arterial hypertension [published online
ahead of print August 19, 2020]. Respir
Med. 2020;171:106099. doi:10.1016/j.
rmed.2020.106099.

7. lvarsson B, Ekmehag B, Sjoberg T.
Information experiences and needs
in patients with pulmonary arterial
hypertension or chronic thromboembolic
pulmonary hypertension. Nurs Res Pract.
2014;2014:704094. doi:10.1155/2014/704094.

8. Fraze TK, Briggs ADM, Whitcomb EK, Peck
KA, Meara E. Role of nurse practitioners in
caring for patients with complex health needs.
Med Care. 2020;58(10):853-860. doi:10.1097/
MLR.0000000000001364.

9. Kays, H. Nurse practitioners offer vital support
to COPD and pulmonary hypertension
patients. https://www.aanp.org/news-feed/
nurse-practitioners-offer-vital-support-to-
copd-and-pulmonary-hypertension-patients.
Accessed June 10, 2022.

10. Jamieson S, Pomar J. Surgical treatment
for chronic thromboembolic pulmonary
hypertension: an historical perspective. https://
www.annalscts.com/article/view/16916html.
Accessed June 9,2022.

Advances in Pulmonary Hypertension

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Fedullo P, Kerr KM, Kim NH, Auger

WR. Chronic thromboembolic pulmonary
hypertension. Am J Respir Crit Care Med.
2011 Jun 15;183(12):1605-1613. doi:10.1164/
rcem.201011-1854CLL

Weinberg, I. Appropriate use of inferior vena
cava filters. . https://www.acc.org/latest-
in-cardiology/articles/2016/10/31/09/28/
appropriate-use-of-inferior-vena-cava-filters.
Accessed June 5,2022.

Grewal S, Chamarthy MR, Kalva SP.
Complications of inferior vena cava filters.
Cardiovasc Diagn Ther. 2016 Dec;6(6):632-
641. d0i:10.21037/¢dt.2016.09.08.
Giirdebick M, Larsen FF, Ridegran

K. Nitric oxide improves hypoxaemia
following reperfusion oedema after
pulmonary thromboendarterectomy. Br J
Anaesth. 1995;75(6):798-800. doi:10.1093/
bja/75.6.798.

Ehrlich MP, Schillinger M, Grabenwéger
M, et al. Predictors of adverse outcome and
transient neurological dysfunction following
surgical treatment of acute type A dissections.
Circulation. 2003;108 Suppl 1:11318-23.
doi:10.1161/01.¢ir.0000087428.63818.50.
Jacob P, Gupta P, Shiju S, et al.
Multidisciplinary, early mobility approach to
enhance functional independence in patients
admitted to a cardiothoracic intensive care
unit: a quality improvement programme. BMJ
Open Qual. 2021;10(3):¢001256. doi:10.1136/
bmjoq-2020-001256.

Sena S, Bulent M, Derya K, et al. Real-life
data of direct anticoagulant use, bleeding risk
and venous thromboembolism recurrence

in chronic thromboembolic pulmonary
hypertension patients: an observational
retrospective study. Pulm Circ. 2020;10(1):1-
10. doi:10.1177/2045894019873545.

Zhang M, Bautista A, Papamatheakis DG,
et al. Pericardial effusion after pulmonary
thromboendarterectomy. Am J Respir Crit Care
Med. 2021;203:A3586. doi:10.1164/ajrccm-
conference.2021.203.1_meetingabstracts.
a3586.

Fukui S, Ogo T, Goto Y, et al. Exercise
intolerance and ventilatory inefficiency
improve early after balloon pulmonary
angioplasty in patients with inoperable chronic
thromboembolic pulmonary hypertension
[published online ahead of print November
26,2014]. Int | Cardiol. 2015;180:66-68.
do0i:10.1016/j.ijcard.2014.11.187.

Jin Q,Luo Q, Yang T, et al. Improved
hemodynamics and cardiopulmonary
function in patients with inoperable chronic
thromboembolic pulmonary hypertension
after balloon pulmonary angioplasty. Respir
Res. 2019;20:250. doi:10.1186/s12931-019-
1211y,

Jin Q, Zhao ZH, Luo Q, et al. Balloon
pulmonary angioplasty for chronic
thromboembolic pulmonary hypertension:
state of the art. World | Clin Cases.
2020;8(13):2679-2702. doi:10.12998/wjcc.
v8.113.2679.

Volume 21, Number 4; 2022 133

$S900E 93l} BIA $2-90-GZ0g 1e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



22.

23.

24.

25.

26.

27.

28.

29.

134 Advances in Pulmonary Hypertension

Roblin DW, Becker ER, Adams EK, Howard
DH, Roberts MH. Patient satisfaction

with primary care: does type of practitioner
matter? Med Care. 2004;42(6):579-590.
d0i:10.1097/01.mlr.0000128005.27364.72.
Taniguchi Y, Jais X, Jevnikar M, et al.
Predictors of survival in patients with not-
operated chronic thromboembolic pulmonary
hypertension [published online ahead of print
April 27,2019]. ] Heart Lung Transplant.
2019 Aug;38(8):833-842. doi:10.1016/j.
healun.2019.04.006.

Coghlan JG, Rothman AM, Hoole SP.
Balloon pulmonary angioplasty: state of

the art. Inter Cardiol. 2021 Feb 15;16:e02.
doi:10.15420/1¢r.2020.14.

Deichelbohrer, L. The role of the advanced
practice nurse in interventional radiology. /
Radiol Nurs. 2004;23(2):51. doi:10.1016/j.
jradnu.2004.04.012.

Taylor K, Sansivero GE, Ray CE Jr. The role
of the nurse practitioner in interventional
radiology [published online ahead of print
January 20, 2012]. J Vasc Interv Radiol.

2012 Mar;23(3):347-350. doi:10.1016/.
jvir.2011.11.002.

Lang IM, Madani M. Update on chronic
thromboembolic pulmonary hypertension
Circulation. 2014;130:508-518. doi:10.1161/
CIRCULATIONAHA.114.009309

Stevens H, Fang W, Clements W, Bloom J,
McFadyen J, Tran H. Risk stratification of
acute pulmonary embolism and determining
the effect on chronic cardiopulmonary
complications: the REACH Study. TH Open.
2020;4:e45-e50. doi:10.1055/s-0040-1708558.
Stewart T, Burks M, Nolley SH, et al.
Collaborative care: a defining characteristic for
a pulmonary hypertension center. Pulm Ther.
2017;3:93-111. doi:10.1007/s41030-017-
0039-1.

30.

31.

32.

33.

34.

35.

36.

Mahmud E, Patel M, Ang L, Poch D.
Advances in balloon pulmonary angioplasty
for chronic thromboembolic pulmonary
hypertension. Pulm Circ. 2021;11(2):1-9.
doi:10.1177/20458940211007385.

de Perrot M, Gopalan D, Jenkins D, et al.
Evaluation and management of patients
with chronic thromboembolic pulmonary
hypertension-consensus statement from

the ISHLT. J Heart Lung Transplant.
2021;40(11):1301-1326. doi:10.1016/5.
healun.2021.07.020.

Ikeda N. Balloon pulmonary angioplasty
for chronic thromboembolic pulmonary
hypertension. Cardiovasc Interv Ther.
2019;35(2):130-141. doi:10.1007/512928-
019-00637-2.

Wiedenroth CB, Ghofrani HA, Adameit
MSD, et al. Sequential treatment

with riociguat and balloon pulmonary
angioplasty for patients with inoperable
chronic thromboembolic pulmonary
hypertension. Pulm Circ. 2018;8(3):1-7.
doi:10.1177/2045894018783996.

Zhao QH, Gong SG, He J, et al. Balloon
pulmonary angioplasty combined with
riociguat for the treatment of inoperable
chronic thromboembolic pulmonary
hypertension (PRACTICE study): study
protocol for a randomized controlled trial.
Trials. 2021; 22:957:1-7. doi:10.1186/513063-
021-05910-5.

Galie N, Humbert M, Vachiery JL, et

al. 2015 ESC/ERS Guidelines for the
diagnosis and treatment of pulmonary
hypertension. Eur Respir J. 2015;46:903-975.
doi:10.1183/13993003.01032-2015.
Everett CM, Morgan P, Smith VA, et

al. Primary care provider type: are there
differences in patients’ intermediate diabetes
outcomes? JAAPA. 2019;32(6):36-42.
doi:10.1097/01.JAA.0000558239.06875.0b.

Volume 21, Number 4; 2022

37.

38.

39.

40.

41.

42.

43.

Gracias VH, Sicoutris CP, Stawicki SP, et

al. Critical care nurse practitioners improve
compliance with clinical practice guidelines
in “semiclosed” surgical intensive care unit.

J Nurs Care Qual. 2008;23(4):338-344.
d0i:10.1097/01.NCQ.0000323286.56397.8c.
Jackson GL, Smith VA, Edelman D, et al.
Intermediate diabetes outcomes in patients
managed by physicians, nurse practitioners, or
physician assistants: a cohort study [published
online ahead of print November 20, 2018].
Ann Intern Med. 2018;169(12):825-835.
doi:10.7326/M17-1987.

Kippenbrock T, Emory J, Lee P, Odell E,
Buron B, Morrison B. A national survey

of nurse practitioners’ patient satisfaction
outcomes. Nurs Outlook. 2019;67(6):707-712.
doi:10.1016/j.0utlook.2019.04.010.

Lutfiyya MN, Tomai L, Frogner B, Cerra

F, Zismer D, Parente S. Does primary care
diabetes management provided to Medicare
patients differ between primary care
physicians and nurse practitioners [published
online ahead of print September 26, 2016]? J
Adv Nurs. 2017;73(1):240-252. doi:10.1111/
jan.13108.

Melillo KD, Remington R, Abdallah L, et

al. Comparison of nurse practitioner and
physician practice models in nursing facilities.
Ann Longterm Care. 2015;23(12):19-24.
Tapper EB, Hao S, Lin M, et al. The quality
and outcomes of care provided to patients
with cirrhosis by advanced practice providers.
Hepatology. 2019;71(1):225-234. doi:10.1002/
hep.30695.

Rantz MJ, Popejoy L, Vogelsmeier A, et al.
Impact of advanced practice registered nurses
on quality measures: the Missouri quality
initiative experience [published online ahead
of print December 6, 2017]. J Am Med Dir
Assoc. 2018;19(6):541-550. doi: 10.1016/j.
jamda.2017.10.014.

$S900E 93l} BIA $2-90-GZ0g 1e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



Advances in

Pulmonary Hypertension
Pulmonary Hypertension Association
801 Roeder Road, Suite 1000

Silver Spring, MD 20910-4496

Advances in Pulmonary Hypertension
now available online only

Advances in Pulmonary Hypertension is now exclusively available at www.AdvancesinPH.
org. Be sure that you have registered for a free account to receive each issue alert and
Table of Contents right in your inbox! Additionally, the benefits of registering include:

* Ability to share articles easily with your peers around the globe.

 Creating a Favorites list down to the article level for those articles you frequently refer to.

* Viewing abstracts and exporting citations easily.

Don’t miss an issue. Register today at www.AdvancesinPH.org.

$S900E 93l} BIA $2-90-GZ0g 1e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



	i1933-0898-21-4-cov
	i1933-0898-21-4-toc
	i1933-0898-21-4-108
	i1933-0898-21-4-109
	i1933-0898-21-4-115
	i1933-0898-21-4-123
	i1933-0898-21-4-130
	135-135_adph-21-04-cov_back

