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Pulmonary arterial hypertension (PAH) is a complex disease in which the illness as 
well as the associated treatment can be particularly burdensome. Previously consid-
ered to be uniformly fatal, PAH treatment and management has improved with an 
extended survival. However, this can come with symptom burden. Burden can be 
associated with the disease itself in addition to the treatment aimed at ameliorat-
ing these symptoms. This article explores both the use of PAH-directed therapy as 
well as traditionally supportive treatment strategies for palliation of symptoms in 
those with PAH. As highlighted in the patient case described throughout this issue, 
patients are constantly weighing the benefits and burdens of treatment during each 
step of their journey.

BACKGROUND
Maximizing therapeutic benefit in the 
pulmonary arterial hypertension (PAH) 
patient means minimizing symptoms 
and improving right ventricular (RV) 
function, as patients with end-stage 
PAH generally die of RV failure. Based 
on major advances in the field, survival 
has improved over the past several de-
cades. Data from the REVEAL registry 
have reported 1-year survival rates of 
85%, 3-year survival of 68%, 5-year 
survival of 57%, and 7-year survival of 
49%.1 Still, the course of PAH patients 
is variable. Patients may present with 
what appears to be end-stage disease 
but are often successfully rescued with 
aggressive therapy and do well for 
years.2,3 Thus, it is crucial for the care 
team to be aware of the substantial effi-
cacy of currently available therapy while 

recognizing the burden of treatment and 
shifting focus toward primarily alleviat-
ing symptoms when is concordant with 
the patient's established goals of care.

When PAH is advanced there are 
several predominant symptoms that 
patients experience. The predominant 
symptom affecting most PAH patients 
is dyspnea. When the RV fails, edema, 
fatigue, and ultimately anorexia, abdom-
inal swelling, and even anasarca may 
develop. Severe RV failure may cause 
dizziness, lightheadedness, near syncope, 
and syncope. Anxiety and depression are 
variable but eventually occur to some 
degree in nearly all patients. It is un-
usual for chest pain to be a major factor, 
but it can occur. Complex therapeutic 
regimens that are beneficial in various 
disease processes may be associated with 
adverse effects that can be intolerable to 

patients.4 The PAH patient described in 
this case has other comorbidities making 
her regimen even more complex that 
merited additional considerations in the 
realm of balanced benefit with burden 
associated with therapy.

PAH PHARMACOLOGIC 
THERAPY: BALANCING 
BENEFIT WITH ADVERSE 
EFFECTS
Several classes of medications target key 
vasoactive pathways involved in remod-
eling the pulmonary vasculature in PAH, 
including prostacyclin pathway agonists, 
endothelin receptor antagonists (ERAs), 
and therapies impacting the nitric oxide 
pathway. Fourteen medications target-
ing these pathways are approved by the 
US Food and Drug Administration for 
treatment of PAH, 7 of which target the 
prostacyclin pathway.5 Other medications 
are utilized to manage the RV failure 
associated with PAH including diuretics, 
inotropes, vasopressors, and oxygen.
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Parenteral Prostanoid Therapy
When the patient described in this 
case presented after 3 years with more 
advanced PAH due to underlying liver 
disease and chronic hemolytic anemia, 
she was quite symptomatic. She was 
placed on intravenous (IV) prostacyclin 
therapy, the most aggressive and effec-
tive form of medical therapy for PAH. 
Intravenous prostanoids provide signifi-
cant and clinically meaningful improve-
ments in dyspnea, exercise tolerance, 
hemodynamics, and quality of life.2,6-8 
The primary target of prostacyclin and 
its analogs appears to be the IP recep-
tor on pulmonary (and other) vascular 
smooth-muscle cells. Activation of other 
vasodilatory prostaglandin receptors, 
such as EP2 and EP4 (prostaglandin 
E2 and E4 receptors, respectively), has 
been observed, although the role and 
importance of these receptors in clinical 
benefit and adverse events are not en-
tirely clear.9,10

The 3 prostanoid therapies available 
parenterally are epoprostenol, trepros-
tinil, and iloprost. The latter drug is 
not available in the United States. 
Prostacyclin, or prostaglandin I2 (IP), 
is an endogenous eicosanoid produced 
by endothelial cells. Epoprostenol is 
a synthetic equivalent of prostacyclin, 
and treprostinil and iloprost are both 
stable synthetic analogs. There are 2 
approved formulations of epoproste-
nol: Flolan (1995), which was the first 
PAH-targeted therapy after demon-
strating improved mortality2; then later, 
Veletri (2008), approved for improved 
room-temperature stability.11 Both 
formulations of epoprostenol have a 
short half-life of several minutes and a 
very high pH, which is caustic to skin 
and soft tissues requiring continuous IV 
administration with an infusion pump 
through a central catheter. Treprostinil 
can be infused subcutaneously (SC) and 
its long half-life makes interruptions in 
therapy less problematic.

Parenteral prostanoids can offer sub-
stantial improvement in severe dyspnea 
as well as edema, dizziness, lighthead-
edness, and syncope associated with an 
inadequate cardiac output. Early after 
the initiation of parenteral prostacyclin 
therapy, jaw pain, headache, musculo-
skeletal pain, flushing, hypotension, nau-

sea, vomiting, and diarrhea may occur. 
Having an informed, patient-centered 
discussion of the pros and cons of these 
medications with anticipated benefits as 
well as these nearly universal side effects 
becomes essential. Therefore, prosta-
cyclin pathway therapies are initiated 
at low doses and titrated up slowly, as 
tolerated, until a maintenance dose is 
achieved. Importantly, side effects are 
more common during the dose titration 
phase than in the maintenance phase. 
We learned very early that large dose 
increases (eg, 1 ng/kg/min) in epopros-
tenol could precipitate side effects and 
be difficult to tolerate. By titrating the 
drug in smaller increments but more 
frequently (eg, 0.25 ng/kg/min every 6 
hours), patient comfort can be improved. 
Alternatively, by delaying dose increases 
for 12 to 24 hours when side effects are 
intolerable or excessive, more effective 
titration can be accomplished. Symp-
tomatic improvement often takes weeks, 
however, during which time adverse 
effects are quite common.

Prostacyclins are known to be en-
dogenous pain mediators and therefore 
can cause some unusual forms of pain, 
particularly in the first few weeks after 
initiation. Jaw pain is a side effect 
unique to parenteral prostanoid thera-
pies and often occurs with the first bite 
of a meal. Our patient would likely learn 
that with nonpharmacologic strategies 
around chewing and food consumption, 
including eating softer-consistency 
foods, taking smaller bites, and chewing 
slowly, the pain would likely dissipate.

Headache is common and can often 
be controlled with nonpharmacologic 
therapy or nonopioid analgesics such as 
acetaminophen. Counseling our patient 
on disconcerting myalgias or bone pain 
prior to therapy can be helpful. Many 
patients experience pain in their legs 
(often the shins) and/or feet. This leg 
pain has not been well characterized and 
could be due to a small-fiber neuropa-
thy.12 Counseling should be provided as 
simply understanding this can some-
times be reassuring. Nonpharmacologic 
measures include use of a heating pad, 
massage, and acupuncture. Pharmaco-
logic therapy can include acetamino-
phen, gabapentin, pregabalin, or trama-
dol. Gabapentin is often successful for 

leg pain.13 Naturally, opioids are avoided 
when possible but should be utilized on 
a case-by-case basis and certainly con-
sidered when aforementioned strategies 
do not achieve adequate pain control. In 
cases of refractory pain, potential met-
abolic contributors such as vitamin B12 
deficiency or thyroid dysfunction should 
be considered, and a referral to a pain 
management or palliative care specialist 
can be an option.

It is beneficial to include flushing as 
an erythematous rash as an anticipat-
ed side effect during the medication 
counseling before initiation, as this is 
common. Cold packs can help when 
there is associated discomfort. As 
with other adverse effects, careful dose 
titration can help limit flushing. Severe 
flushing that evolves into a skin rash 
may herald leukocytoclastic vasculitis, 
necessitating dose reduction.14 Hypoten-
sion from parenteral prostanoids rarely 
requires intervention; however, cautious 
administration of fluids and vasopres-
sors has been utilized in refractory 
cases. Antiemetics are recommended for 
nausea, and this may prevent vomiting; 
targeting the serotonin and/or dopamine 
pathways may be helpful. Loose stools 
are expected and can be controlled with 
antidiarrheal agents such as loperamide 
or diphenoxylate/atropine.13 If diar-
rhea becomes severe, other pathology 
including Clostridium difficile should be 
excluded and diuretics may need to be 
limited to avoid hypovolemia.

If our patient were transitioned to SC 
treprostinil for convenience of a smaller 
pump and SC delivery, she might note 
site pain. Infusion site pain has been the 
most common side effect attributed to 
treprostinil. The mechanism remains un-
clear: it does not appear to be dose-re-
lated but correlated to the rate of dose 
increase as well as the specific site used. 
The pain can be associated with erythe-
ma, induration, inflammation, site pain, 
bleeding, and occasionally cellulitis and 
abscess formation.13 The site can vary 
depending on what a patient finds com-
fortable, including the abdomen, upper 
buttocks, lower flanks, outer thighs, and 
even the back of the upper arm. From 
patient reports, leaving the infusion at a 
“good” site could minimize site pain. In 
fact, we now teach patients with uncom-
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fortable site pain to maintain their sites 
as long as possible, while closely observ-
ing for signs of early infection.14 Both 
nonpharmacologic therapies including 
ice as well as various pharmacologic 
topical therapies are recommended. If 
site pain is particularly severe, systemic 
therapies such as gabapentin, tramadol, 
or tricyclic antidepressants can be ad-
ministered within the first week of a site 
change.13,16,17

Overall, the benefits of these medi-
cations in alleviating the troublesome 
and often very severe symptoms of PAH 
must be balanced with the common side 
effects. Despite the potential consid-
erable side effects, patients receiving 
prostacyclin pathway therapies have 
improvement in their quality of life.

Nonparenteral Prostanoid Therapy
Inhaled (iloprost and treprostinil) and 
oral (selexipag and treprostinil) prosta-
noid formulations have clearly proven 
effective and share similar side effect 
profiles. Inhaled iloprost and treprostinil 
have a more localized effect within the 
pulmonary vasculature and have been 
shown to improve functional class, 
hemodynamics, dyspnea, and quality of 
life.18 Inhaled iloprost is inconvenient, 
requiring administration 6 to 9 times per 
day. This can be intolerable, particularly 
in end-stage patients where physical 
administration of medication may be 
difficult. Inhaled treprostinil can be 
delivered every 6 hours. Side effects with 
inhaled therapies include typical pros-
tanoid side effects but with the addition 
of increased cough and bronchospasm, 
which occasionally mandates drug dis-
continuation. Counseling, monitoring, 
and potentially bronchodilator therapy 
may be required for bronchospasm, 
particularly in patients with concomitant 
reactive airway disease.

Oral treprostinil is dosed 2 or 3 times 
daily. Slow and cautious dose titration 
is crucial in avoiding nausea and other 
symptoms. It is often necessary to start 
as low as 0.125 mg 3 times daily with 
food. The dose should be increased at 
increments of 0.125 or 0.25 twice or 
3 times daily every 3 to 4 days to the 
highest tolerated dose. Not surprisingly, 
common side effects include headache, 

diarrhea, nausea, flushing, jaw pain, and 
leg pain.

Selexipag is an oral nonprostanoid 
prostacyclin pathway agonist and has 
been shown to improve functional class, 
decrease hospitalizations, and increase 
time to clinical worsening.19 Due to a 
unique long-acting metabolite, it can be 
administered twice a day, thereby greatly 
decreasing the burden of administration 
compared with other prostacyclin path-
way agonists. Common side effects are 
those described above for other prosta-
noids. Importantly, the most advanced 
patients such as the one described in this 
case still require parenteral prostanoid 
therapy.

Endothelin Receptor Antagonists
Endothelin receptor antagonists (ERAs) 
have served as critical components of the 
PAH treatment armamentarium. During 
the acute management and stabilization 
of this patient, an ERA was started as 
part of her combination therapy. Bosen-
tan, ambrisentan, and macitentan are the 
available ERAs and have been shown 
to improve dyspnea, exercise tolerance, 
and hemodynamics as well as to pre-
vent clinical worsening.20,21 ERAs block 
the potent vasoconstriction pathway in 
vascular smooth muscle and endothe-
lium, resulting in vessel relaxation and 
remodeling.

ERAs can cause fluid retention, 
peripheral edema, nasal congestion, and 
anemia. Fluid retention and peripheral 
edema can usually be effectively man-
aged using diuretics, discussed below. 
If a patient has refractory edema, 
switching to macitentan may provide 
symptom relief.20 Nasal congestion can 
also be managed with relatively low 
burden interventions such as saline spray 
or in severe cases intranasal gluco-
corticoids. Although rarely requiring 
intervention, bosentan and macitentan 
showed a significantly higher risk of 
anemia compared with placebo, whereas 
ambrisentan did not.22 Bosentan causes 
transaminitis in about 7% of patients 
requiring monthly liver function testing. 
This hepatotoxicity appears to be rare 
with macitentan and ambrisentan, and 
naturally, very advanced pulmonary 
hypertension (PH) is associated with 
abnormal liver function. Bosentan would 

not be an acceptable form of therapy for 
our patient based on the potential for 
hepatotoxicity. In our patient, with her 
symptomatic PAH, cirrhosis, hemolytic 
anemia, and frequent need for transfu-
sion, the risks of adverse effects have to 
be weighed against the severity of PAH 
symptoms in order to balance effective 
treatment and quality of life.

THE NITRIC OXIDE PATHWAY
Phosphodiesterase Type 5 Inhibitors
Phosphodiesterase type 5 (PDE-5) 
inhibitors are commonly used early 
in the course of PAH. These drugs 
have been shown to improve dyspnea, 
exercise tolerance, and hemodynamics 
and increase time to clinical worsening.5 
Common side effects include headache, 
flushing, nasal congestion, epistaxis, and 
acid reflux. Less commonly, nausea, my-
algias, insomnia, and visual disturbance 
may occur. The potential side effects are 
variable among patients and can often 
be alleviated with supportive treatment. 
As with all PAH medications, dose 
adjustment may relieve symptoms and 
sometimes discontinuation is necessary. 
Hypotension caused by nitrates or other 
drugs that lower blood pressure may be 
magnified by PDE-5 inhibitors. This 
hypotension may be confused with that 
caused by the PAH itself.

Soluble Guanylate Cyclase Stimulators
Riociguat is the only approved medi-
cation in its class. It has been shown to 
improve functional class, hemodynamics, 
and increase time to clinical worsening.23 
Side effects include headache, nausea, 
vomiting, indigestion, acid reflux, gastri-
tis, hypotension, and diarrhea. Manage-
ment of these side effects are as afore-
mentioned. Antacids can be used for 
indigestion, acid reflux, or gastritis but 
should be spaced at least an hour before 
or after administration to not adverse-
ly affect absorption. A proton-pump 
inhibitor may be prudent in moderate to 
severe cases.

COMBINATION THERAPY FOR 
PAH
PAH therapy is nearly always used in 
combination, so it must be realized that 
the adverse effects may overlap and 
magnify symptoms. Examples include 
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the hypotension or headache caused by 
prostanoids, PDE-5 inhibitors, riocig-
uat, and diuretics, or the nasal conges-
tion caused by ERAs in combination 
with PDE-5 inhibitors. The drugs must 
be administered and titrated cautiously 
to minimize these overlapping effects.

DIURETICS AND VASOACTIVE 
THERAPY
During the acute phase of our patient's 
course, she required multiple PAH 
therapies as well as supportive therapy, 
including diuretics, inotropes, and vaso-
pressors. Loop diuretics are commonly 
used for edema, ascites, and anasarca 
and are beneficial, but hypotension and 
preservation of renal function must be 
considered.24 Spironolactone may be 
particularly beneficial in the setting of 
portopulmonary hypertension as hypo-
kalemia may cause unwanted adverse 
effects. When spironolactone causes 
painful gynecomastia, amiloride can be 
substituted although it has less natri-
uretic effect. Eplerenone has not been 
extensively studied for ascites in PAH.

Inotropes including milrinone, dobu-
tamine, and dopamine have not been 
studied extensively in PAH but may re-
duce pulmonary vascular resistance and 
improve RV function. Adverse effects 
can be serious including hypotension 
and potentially life-threatening arrhyth-
mias. Therapy with these medications is 
empiric and should be done cautiously. 
No clear recommendations can be given.

OTHER NONSPECIFIC 
SUPPORTIVE THERAPY
Oxygen can be therapeutic and pallia-
tive. In PAH, it is crucial to guarantee 
an adequate oxygen saturation at rest, 
during activity, and hypoxic vasocon-
striction is particularly deleterious in 
PAH during sleep. Our patient ulti-
mately needed oxygen, and her severe 
anemia made it vital to optimize her 
oxygen carrying capacity. When PAH 
advances and the oxygen requirement 
increases, caution is needed to guarantee 
balanced risk and benefit. Our patient 
had hepatopulmonary syndrome and 
her hypoxemia was beyond that typ-
ically seen in PAH. While a detailed 
discussion of hypoxemia and hyperoxia 
is beyond our scope, it should be noted 

that even modest hypoxemia is associ-
ated with clinically significant cognitive 
sequelae. With a partial pressure of arte-
rial oxygen less than 60 mm Hg, hypoxic 
vasodilation occurs as a part of cerebral 
autoregulation.25 Hyperoxia, on the oth-
er hand, is associated with vasoconstric-
tion and therefore reduces cerebral per-
fusion26 so unnecessarily high fraction of 
inspired oxygen levels should be avoid-
ed. In very advanced patients with PAH 
on comfort measures, oxygen toxicity is 
less relevant. When a high fraction of 
inspired oxygen is required to adequately 
oxygenate a patient and relieve dyspnea, 
a high-flow nasal cannula may be more 
comfortable than a mask and may opti-
mize patient-caretaker interactions. For 
those dependent on continuous bilevel 
positive airway pressure (BiPAP), alter-
nating BiPAP with high-flow oxygen by 
cannula may facilitate communication, 
eating, and facial care. A current trial is 
evaluating the palliative use of high-flow 
oxygen by nasal cannula compared with 
conventional oxygen in end-of-life lung 
disease patients.27

Ascites can cause tremendous discom-
fort and impact on breathing. Aggressive 
paracentesis may alleviate symptoms 
but must be balanced with protein loss, 
hypotension, and renal dysfunction. 
Catheter drainage was considered in 
our patient. A simple drainage cathe-
ter, tunneled catheters, percutaneously 
placed peritoneal ports, modified venous 
access ports, and the PleurX catheter 
have been used but again risk infection, 
protein loss, and intravascular volume 
depletion. The benefit of delaying and 
reducing hospitalization for paracente-
sis must be weighed against the risk of 
these complications.

The cirrhosis that contributed to both 
the PAH and the ascites in our patient 
cannot be palliatively approached in 
precisely the same way as a patient with 
malignancy or with underlying cirrhosis 
and no cardiopulmonary disease. For 
example, the transjugular intrahepat-
ic portosystemic shunt procedure for 
cirrhotic patients that decompresses 
the hypertensive portal vein is generally 
contraindicated in patients with por-
topulmonary hypertension and known 
PAH because of the likelihood of 
worsened RV failure due to the postpro-

cedural increased preload. Restriction of 
daily dietary sodium must be weighed 
in the palliative setting. Finally, atrial 
septostomy may serve as a bridge to lung 
transplantation in PAH and also offers 
improvement in RV failure in the palli-
ative setting but significantly increases 
the oxygen requirement.28

CONCURRENT PALLIATIVE 
CARE
It is a common misconception that 
treatments that target the underlying 
disease are somehow separate from 
symptom management. The PAH 
disease-targeted treatments that cu-
mulatively have appeared to improve 
survival in PAH also palliate symptoms. 
These medications improve functional 
class and exercise tolerance, which can 
directly translate into improvement in 
overall comfort. The balance between 
improvement in symptoms and side ef-
fect burden utilizes a variety of medica-
tions that are disease-targeted as well as 
symptom-supportive.

In the case of our patient, “palliative 
care was discussed … and [the patient] 
was happy with her quality of life,” al-
luding to a decisive conversation around 
burden and benefits associated with 
therapy. At this point, it was determined 
that the benefits of increased time to 
clinical worsening and relief of symp-
toms from the medical treatment out-
weighed the burden of hospitalization 
and adverse effects from her treatment 
regimen. Her recurrent acute decom-
pensations requiring hospital interven-
tion with subsequent improvement was 
deemed acceptable by the patient and 
her family. The highlighted case is a 
classic example of concurrent disease-di-
rected treatment and palliative care and 
how collaboration between specialty 
teams can achieve acceptable symptom 
relief. The relationship built between the 
patient, the PAH specialist team, and 
the palliative care team allowed for flex-
ible and creative management for this 
patient's journey through her disease 
trajectory. Although this patient contin-
ues to benefit with each hospitalization, 
each individuals' maximal acceptable 
burden will be different. Ongoing 
symptom assessments in parallel with 
ongoing goals of care conversations are 
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paramount and may vary throughout the 
disease course. With each intervention, a 
separate discussion takes place to assess 
the continuum of benefit and burden 
that the patient is constantly weighing. 
If a disease-focused treatment plan 
exceeds the acceptable burden of the pa-
tient, the types of medications may shift 
from those with high side effect profile 
to those that may be more well toler-
ated. In some cases, the utilization of 
primarily supportive therapy including 
diuretics, opioid analgesics, and anxiolyt-
ics may be elected over disease-specific 
therapy due to difficult side effects.

CONCLUSION
PAH therapy has been shown to 
improve symptoms, quality of life, and 
mortality. It is also associated with 
unavoidable side effects that can be 
controlled to a degree with reassurance, 
medications, and other ancillary sup-
portive measures, as well as through 
PAH medication dosing and titration 
considerations. PAH was previously 
considered a “uniformly fatal disease.” 
The mortality of this disease has 
improved substantially, and it is feasi-
ble that this phrase no longer applies. 
However, the disease often advances 
and as it does, the PH team must keep 
an appropriate balance between PAH 
symptom control, adverse effects of this 
therapy, and patient goals.
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