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Medication adherence is an important aspect of chronic disease
management. Patient-centered management of pulmonary arterial
hypertension (PAH) involves health care providers and patients
discussing treatment options and agreeing on a plan of therapy.
Adherence refers to the accuracy with which the patient decides
to follow the chosen therapy plan, including taking medications.1

Where compliance implies passive following of instructions, ad-
herence is equated to active decision making and collaboration
between the patient and multidisciplinary health care team. 

Health care providers and patients create patient-specific in-
terventions by establishing relationships of trust and sharing in-
formation. Self-management improves self-efficacy, which has
demonstrated benefit in chronic illness management.2 Self-man-
agement requires patients with PAH to be educated on all aspects
of disease management. Gaining knowledge regarding basic PAH
pathophysiology, historical outcomes of untreated disease pro-
gression, and current treatment options is essential for patients to
understand the importance of therapy and anticipated outcomes.
Medication counseling includes discussion about medication ef-
fect, dose and time interval, side effects, adverse effects, self-
management, and response to skipped doses.3 

Nonadherence
Medication adherence rates vary depending on particular studies
but are often quoted around 50%.4,5 Health care providers must
actively assess medication administration patterns to determine
the degree of medication adherence. Deviations from prescribed
therapy include not filling prescriptions, skipping doses, taking
medications at incorrect intervals (early or late), or interrupting
therapy. Not taking a medication course for the intended duration
is a type of nonadherence common with antibiotic therapy. Dose
errors, taking more or less than a prescribed dose, are another
type of nonadherence. Finally, taking medications not prescribed,
such as borrowing from a spouse’s prescription, is another non-
adherence behavior that may not be detected by providers or dis-
closed by patients. 

Renal transplant patients reported memory lapses and side ef-
fects as reasons for nonadherence; while health beliefs, fear of
renal failure, and loyalty to the health care team and donor led to
adherence.6 Many medication adherence studies in patients with
cardiovascular and pulmonary disease have shown that patients
taking complex medication regimens have lower adherence than
patients taking daily medication.7,8 However, one study of heart
failure patients demonstrated improved adherence with complex
medical regimens, which was thought to be related to a higher
level of attention to routine and lifestyle monitoring.9

Studies of adherence utilize objective and subjective meas-
urements of individual adherence. Objective measures include
pill counts, timing of refill requests, blood drug levels, and elec-
tronic monitoring devices.10 Objective measures are typically more
accurate and costly. Self-reported adherence and queries of fam-
ily members are subjective measures which have been docu-
mented as often inaccurate due to under-reporting.5

Adherence Barriers
Deviations from prescribed medication regimens occur for many
reasons. Patient-specific factors such as perceptions, expecta-
tions, beliefs, motivation, and knowledge affect medication ad-
herence.5 Patient forgetfulness is the most commonly reported
barrier.5,6 Knowledge deficits regarding a medication’s mechanism
of action, side effects, and expected benefit of treatment influ-
ence a patient’s decision to follow a prescribed therapy. A pa-
tient’s condition contributes to medication adherence. Severity
and progression of symptoms can limit ability and motivation to
complete treatments. Depression, anxiety, and cognition affect
decision making and self-management.7 Patients with several co-
morbidities may have increasingly complex medical regimens and
combined mental and physical factors which result in increased
nonadherence. 

Barriers related to the health care system must be considered.
Patient and provider interactions can interfere with patient un-
derstanding of prescription directions. Effectiveness of commu-
nication and listening skills facilitate trust between the patient
and the multidisciplinary team. Providers are increasingly chal-
lenged with inadequate time to discuss disease state, potential
therapies, and each therapy’s benefits and challenges. Providing
essential information to patients improves knowledge, decision
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making, and self-management.
In addition to patient and health care system barriers, envi-

ronmental, social, and financial factors influence adherence to
medications and necessary lifestyle changes.5 Burdens such as
lack of social support, cost of medications, and limited trans-
portation to the clinic or pharmacy can contribute to challenges
despite desired adherence. Long-term adherence barriers may be
related to an individual response to therapy, side effects, and the
convenience or restrictions related to a prescribed regimen.7

Oral Pulmonary Arterial Hypertension Therapy
As with other chronic illnesses, challenges specific to oral PAH
therapy exist. Decreased adherence has been demonstrated with
dosing frequencies of 3 or more times per day.7 For example, pa-
tients often express difficulty remembering the middle dose of
sildenafil because of work schedules or side effects. Other pa-
tients have reported noting increased symptoms after a delay of a
dose of sildenafil, prompting the missed dose to be taken imme-
diately, leading to inconsistent dosing intervals.

Diuretics prove challenging to patients who travel or are not
homebound and are often self-adjusted to prevent urgency or in-
continence. To maintain euvolemia, patients may be instructed
to monitor daily weights and signs and symptoms of fluid reten-
tion, and then adjust diuretics and potassium as needed. Re-
peated changes in dose and frequency of diuretics make it
difficult for patients to maintain an updated medication list and
may be confusing. While some patients may be capable of self-
titrating diuretics and potassium with instruction and close mon-
itoring of kidney function and potassium levels, other patients will
not report weight gain and may unsafely self-medicate without su-
pervision of the health care team. 

Medications that require monthly lab testing such as en-
dothelin receptor antagonists or warfarin may influence adher-
ence and drug monitoring due to inconvenience or difficulty with
phlebotomy. Oral PAH therapies can be financially burdensome
because of high copayments and gaps in insurance coverage. De-
spite patient assistance programs, time-consuming paperwork pro-
cessing can result in delays of medication availability. Awaiting
reimbursement approval because of mandated prior authoriza-
tions for prescription initiation and after insurance changes at
times of open enrollment could result in interrupted therapy. It
has been reported that a minority of patients reinitiate medica-
tions that were discontinued because of inability to pay during
periods of excessive copay such as pharmacy benefit caps or gaps
in coverage.11 Patients may be complacent when communicating
with insurance companies, pharmacies, and health care providers
citing lack of social support or the energy required for exploring
coverage options. 

Inhaled Pulmonary Arterial Hypertension Therapy
Adhering to dosing schedules where nebulized therapy is admin-
istered many times a day can be challenging. For some patients,
treatment time and frequency may be difficult to incorporate into
active lifestyles. One sample of patients with asthma and chronic
obstructive pulmonary disease demonstrated nonadherence in
72% of refilled prescriptions. Of this total, 59% of patients were
under-dispensed a prescribed preventative therapy according to in-
sufficient refill requests.12 Because of the frequency of inhaled
prostacyclin treatments, patients have reported missed and de-
layed doses caused by scheduled appointments, forgetting, or los-
ing track of time. Inhaled treatments require additional time for

drug delivery set-up, inhalation, clean-up, and packing of the de-
vice when leaving home. Because there are multiple steps to
maintain continuity of inhaled therapy, interruptions and delays
can occur for numerous reasons. Completing inhaled treatments
in public could incite embarrassment and questions about ther-
apy, thus making patients reluctant. Troubleshooting inhalation
device alarms or problems in delivery may interfere with scheduled
treatments. Side effects including lightheadedness, headache,
flushing, cough, or throat irritation have been reported by patients
as additional causes for missed doses.    

Infused Pulmonary Arterial Hypertension Therapy 
Prior to initiation of continuous infusion therapy, hands-on pump
and drug reconstitution training can be helpful for patients to de-
termine if this is a desired treatment option and for the PAH
provider to assess whether the patient is capable of safely man-
aging the therapy. Initially, symptoms of fatigue, shortness of
breath, and decreased concentration caused by hypoxia or de-
creased perfusion may make it difficult or impossible for patients
with PAH to manage infused therapy independently. Adequate so-
cial support is necessary until symptoms improve and the patient
is able to function independently. In addition, during long-term
therapy, patients may develop physical or cognitive barriers re-
quiring assistance. Therefore, ongoing social support is essential
to prevent drug errors and interruptions if the patient becomes in-
capable of maintaining therapy.

Chronic prostacylin infusions have been interrupted, acciden-
tally and intentionally, despite understanding of potential rebound
PAH symptoms. Patients have reported neglecting to restart infu-
sions after routine maintenance. After discovery of an extended in-
terruption, infusions have been restarted at full dose, which may
result in instability and excessive side effects. It is possible that
patients may become complacent or nonadherent after being on
therapy for an extended time. Therefore, safety must be re-
assessed frequently with patients on continuous infusion therapy.
Patients at high risk for medication errors, interruptions, boluses,
or improper administration technique could have life-limiting com-
plications with infusion therapy. 

Nonadherence to aseptic technique can lead to sepsis or cen-
tral line site infections, requiring additional management and re-
sources. Infusion pump therapy prompts public questioning and
travel complications. For some patients, the embarrassment and
inconvenience of performing activities of daily living connected
to a continuous infusion have prompted interruption in infusions.
Concealing therapy may be important to patients with employ-
ment or social concerns.  

Side effects of PAH prostacylin medications including
headaches, nausea, diarrhea, foot or leg pain, and subcutaneous
site pain are often reported as irritating and may require addi-
tional medications to tolerate prostacyclin therapy. Additional
medications increase the complexity of the regimen and can cause
additional side effects. Patients may be reluctant to increase the
prostacyclin dose when side effects interfere with daily activity or
special occasions. 

Oxygen Therapy
Adherence to supplemental oxygen therapy at prescribed doses
may not be feasible because of equipment limitations, inadequate
portability, and inadequate reimbursement of therapy. Frequently,
patients report not titrating oxygen flow with activity because they
forget to increase liter flow. Attempting to conserve portable oxy-
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gen related to limited quantity and fear of running out of oxygen
when away from home can lead to nonadherence. 

Altered body image is commonly reported related to oxygen
therapy. Patients report frustration at having to explain oxygen
therapy to children and a community perception that smoking is
the reason for the therapy. Because patients may not identify the
positive benefits of oxygen therapy in improving health and symp-
toms, there may be an unwillingness to adhere.13

Assessment of Adherence
It is necessary for PAH health care providers to understand, as-
sess, and develop patient-specific interventions to improve med-
ication adherence. Improved outcomes have been demonstrated
with medication adherence in chronic illnesses such as heart fail-
ure, hypertension, and diabetes.1,14 Preventable hospitalizations
for worsening PAH symptoms, heart failure exacerbations, and in-
fections may decrease with improved PAH therapy adherence.

Assessing medication adherence is limited by inaccuracy of
self-reporting when compared to costly objective measures.8 Ad-
herence assessment should include measurement of the per-
centage of overall prescribed doses taken. In addition, comparing
the percentage of days that the correct number of doses were
taken with the percentage of doses that were taken on schedule
are important aspects of understanding patient adherence.15 As-
sessing patients’ confidence in taking medications as prescribed
can be helpful in determining self-efficacy in some patient pop-
ulatons.16 Assessing confidence of adherence despite anticipated
specific medication challenges and side effects can provide in-
sight into patient motivation and expectations. 

Adherence Interventions
Discussion and assessment of medication adherence should occur
with every clinic evaluation. Asking patients to bring pill bottles
to clinic visits can help patients and providers communicate about
medications initiated or discontinued between visits and fre-
quency of requested refills. Special attention to medication ad-
herence should be discussed with any signs of clinical worsening
as a potential, reversible cause of deterioration. Assessing the fre-
quency of refill requests by contacting the patient’s pharmacy can
provide insight into ratio of intended vs taken dose days.

Utilization of pillboxes, timers, cell phone alarms, or notes can
provide reminders for identified nonadherence caused by forget-
ting. Home health nursing may be helpful by providing an in-home
assessment of adherence, frequency of missed doses, and re-
sponse to patient-specific interventions. Simplification of med-
ication regimens may be helpful. Discontinuation of nonessential
medications can be assessed by PAH specialists or primary care
providers. 

Discussion of cultural concepts of social support or perceived
burden on family dynamics can provide insight to the health care
team. Consultation with social services may be needed to address
social or financial factors. Assigning tasks to the family may help
patients who are reluctant to ask for help. Identification of barri-
ers to adherence and corresponding solutions can empower pa-
tients to make changes in collaboration with the PAH
multidisciplinary team. 

Upon therapy initiation and with identified nonadherence, pa-
tient education should include discussing what to do if doses are
missed and when to skip a dose. Reminding patients of the po-
tential harm of overdosing by early administration or increased
dosage may prevent hypotension with vasodilator therapies. De-

pending on the specific PAH therapy, the importance of contact-
ing the health care providers before restarting medications if an
interruption of a specified duration occurs should be discussed.
Emphasizing the importance of taking medications instead of fo-
cusing on exact dosing times can help patients understand that
the schedule is not difficult or restrictive.15 Communication that
is not confrontational but conveys concern for patient safety may
clarify the consequences of risky behaviors. Reinforcing behavior
or identifying benefits of adherence such as decreasing clinic vis-
its, avoiding hospitalizations, or improving functional capacity can
encourage positive behaviors.17

Pharmacist interventions have been shown to improve med-
ication adherence and reduce hospitalizations and health-related
costs in the heart failure patient population.18 Specialized phar-
macists assess medication history, including prescribed and over-
the-counter medications, then provide verbal and written
instructions for simplified medication regimens. Pill bottles can be
coded with a symbol that is repeated on the printed medication
timeline to help identify and simplify dosing schedules. Subse-
quent monitoring of medication use and changes in symptoms
are communicated to the clinic nurses and providers.18 Providing
consistent interactions and creating relationships among specialty
pharmacists and patients on PAH therapy may provide similar
benefits.

Conclusion
Medication adherence is one important aspect of the lifestyle
modifications necessary for patients with PAH. A major concern
for negative outcomes exists when medication nonadherence is
combined with the severity and progression of untreated PAH. In-
creased health care costs from inadequate treatment and cost of
therapies not properly utilized in this patient population creates
further burden in the health care system. Open communication re-
garding patient perceptions of medication use and adverse effects
must be ongoing to help providers identify patients at high risk of
nonadherence.19 Assessment of barriers to adherence must in-
clude not only patient and provider factors, but cultural, social,
and financial barriers as well. When nonadherence is identified,
individualized interventions to improve PAH therapy adherence
are necessary. 
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Upcoming Events for 
Medical Professionals 
Include:

Pulmonary Arterial 
Hypertension Symposium
February 27, 2010
Coral Gables, FL
University of Miami Hospital
Email grace@excelcme.com 
or call 305-630-9414

3rd International Neonatal & 
Childhood Pulmonary Vascular 
Disease Conference
March 11–13, 2010
Banff, Alberta, Canada
The University of California, 
San Francisco, School of Medicine

Visit www.cme.ucsf.edu 
or call (415) 476-5808

Pulmonary Hypertension 2010: 
Learning with the Stars
April 10, 2010 
Covington, KY
The Heart and Vascular Center 

at the Christ Hospital
Email
gail.welsch@thechristhospital.com 
or call (513) 585-1924

The Alfred P. Fishman Conference:
Right Ventricular Structure and 
Function in Health and Disease
April 9-10, 2010
Philadelphia, PA
University of Pennsylvania 

School of Medicine
Email aspence@upenn.edu or 
call 215-898-6400

4th Annual Pulmonary Hypertension
Symposium: Updates on Classification
and Therapies
June 3, 2010
East Haddam, CT
Yale School of Medicine
Visit http://cme.yale.edu/conferences/
conference_schedule.asp

Building Medical Education in PH
A Partnership Initiative to 
Advance Medical Understanding 
of Pulmonary Hypertension

What did these physicians hope to achieve 
by hosting a pulmonary hypertension 
continuing education event?

“Our goals were to foster an increased awareness among medical
providers, share patient-based experiences in handling the burden
of this illness and offer insights into future treatments. From the
feedback we received, I believe we achieved these objectives and
the help of the PHA was very much appreciated.”

Edward Catherwood, M.D.
3rd Annual Northern New England PH Symposium
Dartmouth-Hitchcock Medical Center

“Our PH Symposium is aimed primarily at educating and updating
providers. We try to be as inclusive as possible by inviting providers
from all over New England to serve on the faculty, and inviting
nurses, other health care professionals and patients in addition to
physicians. We had an excellent turnout in 2008 and very enthu-
siastic feedback. PHA has been a very important component for 
the patient attendees. “

Nicholas Hill, M.D.
6th Annual Update in Pulmonary Hypertension
Tufts Medical Center

Building Medical Education in PH events are designed to foster partner-
ships between PHA and PH Centers to promote continuing education in 
the field of pulmonary hypertension through CME educational events.

To partner with PHA in Building Medical Education in PH for your 
upcoming CME event, please contact 301-565-3004 or 
Medical@PHAssociation.org.
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