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Our aim with this review is to provide practical advice and management support for
nurses and other healthcare practitioners in managing fluid retention in adults with
right heart failure (RHF) due to pulmonary arterial hypertension (PAH). Vigilant man-
agement of RHF is important for maintaining patient quality of life, as fluid overload
can lead to abdominal bloating (ascites) and peripheral oedema, which also has a
major impact on patients’ morbidity and mortality. Patients with RHF should be
assessed regularly for signs of fluid retention. If fluid overload develops, it is impor-
tant to determine whether it is caused by the progression of PAH, a side effect of
PAH-specific treatment, or another drug or comorbid condition, as this affects both
the prognosis and the management strategy. Right heart failure can be treated with
both pharmacological and non-pharmacological interventions to reduce fluid reten-
tion; including altering fluid and salt intake, weight monitoring, and use of diuretics.
All patients on diuretics should be regularly monitored for renal dysfunction and
electrolyte imbalance and given advice on how to manage the side effects associated
with diuretic use. Fluid retention is often assessed and treated in clinical practice by
specialist nurses, who act as a key patient contact providing advice and information
on symptom management. This review provides an overview of the challenges re-
lated to fluid retention, including strategies to help patients manage symptoms and
side effects of treatment.

Introduction

Pulmonary arterial hypertension (PAH) is a rare, progres-
sive, chronic condition characterized by increased pulmo-
nary vascular resistance (PVR), which elevates right
ventricular (RV) afterload.1,2 When the contractility of the
RV can no longer compensate to maintain the cardiac out-
put despite raised PVR, RV failure supervenes eventually

leading to death.3,4 Right ventricular failure is associated
with increased total blood volume (fluid overload), venous
congestion, and systemic fluid retention. This leads to he-
patic congestion, abdominal bloating (ascites), bowel con-
gestion, and peripheral oedema2,5,6 and has a major
impact onmorbidity andmortality in the PAH population.7,8

Despite total circulating volume being increased, renal
blood flow is reduced because cardiac output is not suffi-
cient to maintain the integrity of the arterial circulation.6

As a result, the kidneys increase salt and water retention
via activation of the arterial baroreceptor-mediated renin–
angiotensin–aldosterone neuroendocrine system (RAAS).6 If
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left untreated, fluid retention increases demand on an al-
ready decompensated RV as indicated by increased jugular
venous pressure (JVP) and can lead to increased dyspnoea,
reducedmobility, sepsis, increased risk of developing lower
limb cellulitis and deep vein thrombosis, and renal, intesti-
nal and hepatic dysfunction.9,10

While there is currently no cure for PAH, the disease can
be managed and treated with non-pharmacological meas-
ures, alongside disease-specific treatments for PAH and
supportive treatments including diuretics for fluid over-
load.2,11–13 Despite improvements in the clinical manage-
ment of PAH in terms of both targeted therapies and
supportive care,12 fluid retention continues to present sig-
nificant practical challenges to clinical management. In
our experience in practice, this is due partly to a lack of pa-
tient awareness of underlying causes of peripheral oedema
but also due to under-recognition of the influence of al-
tered salt/fluid balance on body weight by both patients
and healthcare professionals (HCPs). Healthcare professio-
nals should always seek to establish the cause of fluid over-
load as it may result from RV failure due to PAH,
complications of PAH or heart failure (e.g. cardiac arrhyth-
mias, sepsis), side effects of PAH medications or other con-
comitant medications (e.g. non-steroidal anti-
inflammatory agents), or comorbid diseases (e.g. hyper-
capnic respiratory failure).2

This review is intended to provide practical advice from
an expert group regarding solutions that HCPs can imple-
ment when exercising their clinical judgement in conjunc-
tion with patients to improve the management of fluid
retention due to RV failure. This content should be of par-
ticular interest to specialist pulmonary hypertension (PH)
nurses, who co-ordinate the needs of patients with their
support systems and other HCPs. Pulmonary hypertension
nurses act as the key point contact for advice and informa-
tion regarding both PAH-specific therapy and treatments
for fluid retention.14–16

The advice contained in this article is based mainly on
opinion since much of it lacks evidence. The recommenda-
tions do not override the individual responsibility of HCPs
to make appropriate decisions individualized to each
patient’s clinical circumstances or to follow the rules and
regulations applicable to drugs and devices.

The practical management of fluid retention

Diagnosis and monitoring
In order to manage and treat fluid retention in patients
with right heart failure (RHF) due to PAH, it is important to
regularly monitor fluid status and identify fluid overload as
quickly as possible. Fluid status can be monitored in the
clinic by clinical examination for signs of fluid retention,
monitoring serum brain natriuretic peptide, which rises
with worsening fluid overload,17 by cardiac or hepatic ul-
trasound or, if comprehensive haemodynamic monitoring is
required, by right heart catheterization.18 A full appraisal
of the patient’s medications and comorbid conditions will
help to establish whether fluid retention is due to worsen-
ing PAH-related RV dysfunction, PAH-specific drug thera-
pies, othermedications, or other comorbidities.4

Weight gain is one of the first signs of fluid retention in
patients with RV failure, and therefore, weight should be
monitored at every patient visit. Alongside monitoring by
HCPs, patients should be advised to weigh themselves daily
to monitor for rapid weight gain. This should be at the same
time each day, ideally first thing in the morning after emp-
tying their bladder and before breakfast. In our experience,
we would consider ‘rapid weight gain’ to be �2 kg (�4 lbs)
gain over 3days, which may indicate fluid overload.
Patients should be told to call their PH specialist nurse or
treating physicians if this suddenweight gain is detected.
Clinical signs of fluid retention include raised JVP, hepatic

enlargement, ascites, and dependent pitting oedema.2,19

Increased JVP after starting PAH therapy can indicate fail-
ure to respond adequately to PAH treatment or worsening
PAH. If patients who have recently commenced PAH treat-
ment with endothelin receptor antagonists exhibit signs of
peripheral oedema (e.g. swollen ankles) but have normal
JVP, increased vascular permeability due to PAH-specific
drug treatment may be the cause. It is, therefore, impor-
tant to assess the JVP carefully bearing in mind that in some
patients this may prove difficult and may not be possible.
There are numerous other causes of fluid retention.
Notably, one cause which may be overlooked is a high PaCO2

in patients who develop respiratory failure. In this case, the
fluid balance will be improved once PaCO2 levels return to
normal (e.g., with non-invasive ventilation, if appropriate).
Regular monitoring of patients is strongly encouraged by

the European Society of Cardiology (ESC)/European
Respiratory Society (ERS) guidelines.2 This should include
measurement of glomerular filtration rate in all patients
requiring diuretic therapy,20 and patients with significantly
impaired renal function should be referred to a nephrolo-
gist or renal medicine specialist, as they are at high risk of
worsening acute renal failure. In follow-up clinical visits,
attention should be paid to blood chemistry/electrolytes
(especially sodium, potassium, and creatinine) in all PAH
patients on diuretic therapy.2 Patients with PAH and fluid
retention, especially if severe enough to require critical
care, should have their C-reactive protein levels monitored
for any sign of infection, and prescribed broad-spectrum
antibiotics appropriately if infection is suspected.21,22

General/non-pharmacological measures to
manage right ventricular failure and fluid
overload
There is currently very limited information from clinical
trials regarding the practical management of RHF.
However, there are a range of non-pharmacological
measures based on expert opinion that patients can follow
to reduce the likelihood of fluid overload. These are partic-
ularly important for patients who may not have access to
pharmacological therapies due to differences in healthcare
systems or for financial reasons.

Diet and fluid intake
Reduction of both salt and fluid intake is common practice
in specialist PH centres to decrease fluid retention.23

Patients should be encouraged to eat a healthy, well-
balanced diet. Dietary salt restriction is important in the
management of PAH and chronic RV failure, and patients
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are recommended to follow a low-salt diet. Definitions of a
‘low-salt diet’ vary by country, but we would suggest limit-
ing salt intake to <5 g (2 g sodium) per day.3 As typical salt
consumption ranges widely across Europe from 6 to
12g/day depending on diet,24 some patients may initially
struggle with a reduced salt diet. Patients should also be
educated on the salt content of foods such as ice-cream,
processed juices, or canned vegetables, which they may
not be aware, can have high-salt content. It is important
that patients are educated in how best to reduce their salt
intake,23 and are reassured that salt cravings will diminish
over time.

In general, it is recommended that patients with PAH-
related RV failure restrict their fluid intake to between 1.5
and 2.0 L per day.25 Based on our clinical experience, we
generally recommend that patients should drink at least
1 L of fluid per day to maintain good renal function al-
though this number should not be taken as absolute since it
varies between individuals and according to the weather.
Patients should not consume >1 L within a single hour. We
also recommend that if patients are already on diuretic
therapy without oedema it may be best to suggest 1.5–2 L,
reducing to 1.5 L if they gain weight and develop oedema.
We have found that in some cases if the patient still has
oedema and an increase in diuretics does not improve
their condition, it may be advisable to reduce fluid
intake further to the minimum of 1 L per day providing
renal function is closely monitored and there are no
contraindications. Due to the low levels of evidence
around salt and fluid intake, this should very much be
an individualized management decision, based on the
patient’s circumstances.

As well as being counselled on their overall fluid intake,
we recommend that patients should be made aware of un-
expected sources of fluids in their diet. These include gela-
tine, ice, and soup; and we have found that it is sometimes
worth advising patients not to eat canned/packaged shop-
bought soup at all due to its fluid content and because the
salt levels are often higher than ideal. Patients should be
made aware of drinking-cup size and may be advised to al-
ways drink out of the same sized cup, or use exclusively
small cups, and not drink more than one cup of fluid at any
one time.

A greater understanding of fluid retention has been
shown to improve patients’ ability to restrict their daily in-
take of salt and fluid with the aim of maintaining an appro-
priate salt/fluid balance.12,23 Instructions can be provided
by the clinician and/or specialist PH nurse in a brief period
of time (5min), particularly if educational materials are
also supplied.23 Overall, education to reinforce the impor-
tance of home practice and adherence to lifestyle and die-
tary recommendations appears to improve outcomes in RV
failure.26

Where patients have experienced rapid weight gain due
to fluid overload, the aim should be to reduce their weight
back to normal levels, and we would recommend starting
treatment as soon as possible to avoid further fluid accu-
mulation and discomfort. Patients with severe fluid over-
load should aim to be losing 0.5–1.0 kg/day in body weight
under the supervision of their HCPs. Patients who are

struggling with the extra weight gained should be coun-
selled on appropriate rest and leg elevation. Support tights
or compressive stockings may be used in patients with mild
oedema who are receiving diuretics but are contraindi-
cated in severe congestive heart failure with pulmonary
and/or massive leg oedema. Healthcare professionals, and
in particular nurse practitioners, should also be aware that
educating patients on weight control and weight monitor-
ing may, along with the loss of appetite associated with RV
failure, lead to patients being discouraged from eating
properly and cause them to lose weight, particularly if
abdominal oedema is present. In these circumstances,
maintained body weight may actually indicate unrecog-
nized fluid retention.

Infections and sudden fluid shifts
Inflammation can lead to increased fluid retention, and
therefore, patients should be monitored for any sign of in-
fection and treated immediately if infection is suspected.
In patients with PAH and RV failure, the inflammatory
response can lead to deterioration of the already compro-
mised RV function.2,27 Patients with PAH are also more sus-
ceptible to developing pneumonia, which has been shown
to be a cause of death in 7% of cases, and it is, therefore,
recommended to vaccinate against influenza and pneumo-
coccal pneumonia.2,3 Right ventricular failure can also lead
to intestinal oedema,28 which can give rise to sepsis.

Patients and HCPs should be aware of any treatments
that might lead to a sudden change in the fluid composition
of the body. Patients diagnosed with PAH should carry a
medical passport stating that intravenous (IV) fluid therapy
should not normally be administered without expert con-
sultation. If it is necessary for patients to undergo surgery
or any other invasive medical procedure, fluids should be
administered either by an anaesthetist experienced with
PAH or after consultation with a PAH specialist to provide
expert guidance. Where possible, and if the facilities are
available, all medical procedures should be carried out at
the patient’s PH expert centre to ensure that a specialist is
on hand.

Hypoxaemia
Many patients with PAH-related RV failure have some
degree of resting arterial hypoxaemia,2 which should be
identified and managed as part of treatment, following the
current oxygen guidelines.29 During episodes of decompen-
sated RV failure with marked fluid overload patients should
reduce any exercise that provokes symptoms. If patients
consistently show arterial blood oxygen saturation of<91%
they should be advised to take oxygen until this threshold
value is attained.2,4,29 In our experience, the exception to
this is patients with Eisenmenger syndrome, who do not
usually respond to oxygen, and normally have lower resting
saturations and haemoglobin levels.

Ambulatory oxygen may be considered where appropri-
ate. Mechanical positive pressure ventilation should gener-
ally be avoided as it can have adverse haemodynamic
effects, including an increased RV afterload and decreased
left ventricular preload.4
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Pharmacological treatments for patients with
right ventricular failure and fluid retention
There are a variety of pharmacological treatments
available for patients with PAH, which are often taken in
combination.13 Alongside optimization of fluid balance
(most often using diuretics), drug therapies for patients
with PAH and RV failure aim to achieve a reduction in
RV afterload, improvement in cardiac output, and
maintenance of stable systemic blood pressure.4,29,30

Prostanoids or other PAH-specific drugs [e.g. endothelin
receptor antagonists (ERAs)] can be used to reduce the
RV afterload, while drugs with positive inotropic effects
(e.g. dobutamine) can be taken in combination to im-
prove cardiac output. Patients with RHF may also be
treated with vasopressors to help stabilize the systemic
blood pressure.31

For managing the salt/fluid balance, it is important to
reviewmedications that may contribute to oedema such as
sodium-rich IV antibiotics, some calcium channel blockers
(e.g. amlodipine), and corticosteroids. If a patient is taking
non-steroidal anti-inflammatory drugs, it may be advisable
to move the patient to another medication. It is also
important to treat any patient-specific factors that may
lead to fluid retention such as anaemia, arrhythmias, or
other comorbidities.

In the setting of acute RV failure, it is important to watch
out for systemic hypotension, which could lead to myocar-
dial ischaemia,3 and to refer patients to intensive care if
presenting with high heart rate, low blood pressure, low
urine output, or rising lactate levels.2 In intensive care
treatment, vasopressors can be used to improve systemic
haemodynamics and perfusion of the brain, heart, and
other organs without changing PVR.4 Inotropes can be used
to improve myocardial contractility, increase cardiac out-
put, and maintain systemic arterial pressure and renal per-
fusion.3,4 RV assist devices or extracorporeal membrane
oxygenation may also be used in extreme situations in
patients for whom lung transplantation is an option.4 The
position statement from the Heart Failure Association of
the ESC addresses the use of diuretics in acute heart failure
more thoroughly.32

Pulmonary arterial hypertension-specific medications
Specific PAH medications can affect fluid retention and
HCPs should work with the patient to find the best therapy
or therapy combination for patients with RV failure. PAH
medications fall into three main groups: ERAs;
phosphodiesterase-5 inhibitors and stimulators of soluble
guanylate cyclase (sGC); and prostacyclin analogues and
prostacyclin receptor agonists.

Fluid retention has been observed during clinical studies
with all ERAs, with severity depending on clinical context
(e.g. PH aetiology, patient age), dose, and the degree of
selectivity to endothelin Type A and endothelin Type B
receptors. Natriuresis and diuresis can be induced through
endothelin Type B receptors, with blockage of these recep-
tors leading to fluid retention, and blocking endothelin
Type A receptors can alsomodulate renal salt and water ex-
cretion.33 Peripheral oedema has also been observed with
endothelin A-selective agents due to activation of the RAAS
system secondary to vasodilation, as well as increased

vascular permeability (via endothelin Type B receptor
overstimulation).34

Peripheral oedema is listed as a common side effect of
ambrisentan, occurring in>10% patients,35 and seen in 23%
of ambrisentan-treated patients in Phase III trials vs. 14% of
placebo patients.33 High rates of peripheral oedema were
also observed in patients on ambrisentan/tadalafil combi-
nation therapy36 and thus optimization of any pre-existing
fluid overload is advised before starting ambrisentan.
Oedema and fluid retention during bosentan treatment

occurs in 13.2% of patients (vs. 10.9% in placebo patients),
with early weight gain (i.e. during initial treatment) and in-
creased incidence of leg oedema reported in Phase III stud-
ies.37 It is, therefore, recommended that bosentan-treated
patients be monitored for signs of fluid retention (e.g.
weight gain), especially in cases with concomitant systolic
dysfunction.
The listed incidence of oedema-related adverse events

with macitentan 10mg in PAH is 21.9% (vs. 20.5% with pla-
cebo).38 Data from a meta-analysis of 24 randomized con-
trol trials indicate that ambrisentan and bosentan
significantly increased the risk of peripheral oedema,
whereasmacitentan did not.39

Phosphodiesterase-5 inhibitors approved for the treat-
ment of PAH include sildenafil and tadalafil. Neither have
a listed incidence of peripheral oedema nor have been
associated with oedema in clinical trials.40 Similarly, pe-
ripheral oedema is not a listed adverse event of the sGC
stimulator riociguat.41 A Cochrane review of prostacyclins
for the treatment of PAH showed no significant difference
in peripheral oedema vs. placebo (odds ratio 1.46, 95% con-
fidence interval 0.98–2.17; P¼ 0.06; six trials, 1228
participants).42

Diuretics and diuretic therapy management
Diuretics are recommended as the principal medical treat-
ment in patients with PAH who present with fluid reten-
tion.3,4,30 Clinical experience has shown clear benefits
from diuretic therapy in patients with fluid overload al-
though there are no randomized trials in patients with
PAH.4,43,44 The choice of drug and dosage is best decided by
the treating PAH physician, bearing in mind that rapid and/
or excessive diuresis can lead to systemic hypotension, re-
nal insufficiency, and syncope. It is, therefore, vital to
monitor serum electrolytes and renal function during di-
uretic therapy.2,29,30

Diuretic treatment is normally initiated alongside PAH-
specific therapy.4 There are threemain classes of diuretics:
(i) loop diuretics (e.g. furosemide, toresamide, bumeta-
nide), which inhibit reabsorption of sodium in the loops of
Henle; (ii) thiazide diuretics (e.g. metolazone), which act
in the distal nephron convoluted tubules in the kidney; and
(iii) potassium-sparing aldosterone antagonists (e.g. spiro-
nolactone), which block aldosterone action on mineralo-
corticoid receptors.45 All of these can be used in patients
with PAH-related RV failure and the choice, dose, and com-
bination of diuretic employed are dependent on individual
patient salt/fluid balance characteristics. Intravenous
furosemide treatment is required in some cases, but IV use
is not usually suitable for home settings and should be re-
served for in-hospital treatment and administered under
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Initial
assessment

Renal function
and initiating

diuretic therapy

Assess severity of fluid overload
Identify, investigate, and treat underlying cause

Consider discontinuing drugs that may lead to fluid retention
Restrict fluid intake where appropriate and treat dry mouth
Reduce dietary salt intake
Consider using 5% dextrose rather than 0.9% saline to dilute IV drugs where appropriate

Inadequate response to oral therapy
Weight gain or inadequate weight loss with maximally tolerated dose of loop diuretic 
± spironolactone ± signs of right heart failure

Inadequate weight loss

Inadequate weight loss

Additional therapies needed

Disease-targeted 
therapy

Discuss with PH team

Oxygen If patients consistently show arterial blood oxygen saturation of 
<91% they should be advised to take oxygenb4

General
measures

IV furosemide
infusion

IV furosemide
infusion dose

increase

Consider
infusion of
inotropes

Increase/add
oral diuretics

Patient reaches
dry weight

Assess clinical status, serum creatinine and GFR 
Refer patient to renal medicine where GFR <20 mL/min
Patients with fluid overload should aim to lose 0.5–1.0 kg/day
Initiate diuretics with oral loop diuretics (typically 40 mg of oral furosemide) and/or 
12.5–25 mg/day spironolactone in appropriate patientsa

Dose according to clinical circumstances
Discontinue oral loop diuretics
The decision on whether to use infusion or bolus injection of loop diuretics in PAH
is a clinical opinion; there is no evidence base for relative benefit 
Fluid restrict up to a maximum of 1.5 L/day
Check electrolytes, renal function, fluid intake and output and weight daily

Check electrolytes, renal function, fluid intake and output, and weight daily
Aim to obtain an average weight loss of 0.5–1 kg/day until dry weight reached
Increase the infusion by 40 mg/day up to a maximum of 320 mg/daya

Consider oral torasemide or bumetanide for subsequent chronic therapy

Stop IV furosemide and convert to a twice daily oral dose (total dose same as IV), it may be best to 
discontinue the IV furosemide infusion at the time of giving the first oral dose of diuretic
If on IV dopamine, continue for 24 h of oral therapy and then wean off providing weight loss is maintained
Consider the use of oral bumetanide or torasemide instead of furosemide 
Review spironolactone and thiazide therapy
Provide clear instructions about the measurement of daily weight after discharge and who to contact in
case of need for unplanned medical consultation

Dobutamine may be a suitable first line inotrope in PAH2 and some HCPs use a 
low dose of dopamine but this lacks evidence

Spironolactone
Discontinue if sodium <130 mmol/L or creatinine >140 µmol/L
Spironolactone 25–50 mg/day if creatinine is <140 µmol/L, 
with higher doses possible otherwisea

Thiazide diuretics Use with caution due to risk of deteriorating renal function
First choice usually bendroflumethiazide 2.5 mg ODa

Consider adding loop diuretic/spironolactone as appropriate and increasing dose as needed
Consider switching to another loop diuretic
Monitor renal function after increases in diuretic therapy

Figure 1 A flowchart for suggested management of fluid overload in haemodynamically stable and uncompromised adults. This flowchart is a recommenda-
tion based on the authors clinical experience since there is a lack of published evidence on which to base it. When making clinical decisions on the manage-
ment of fluid overload for individual patients always take into account their individual clinical situation. When patients require the use of inotropes this
should be discussed with the pulmonary hypertension centre. aDoses given in this table are for general guidance only and need to be individualized for each
patient. bThis may not be possible in patients with pulmonary hypertension due to congenital heart disease if they have a right-to-left shunt.
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specialist care to prevent sudden fluid shifts. The utility of
bolus injections of loop diuretics should be assessed on a
case by case basis and HCPs should bemindful of the fluctu-
ations in intravascular volume associated with bolus doses
of diuretics.46 We prefer to use a continuous infusion of fu-
rosemide rather than bolus doses in most patients.

Patients should be educated about the use of oral diu-
retics, in particular, the signs of dehydration (e.g. thirst,
dry skin/mouth/eyes, rash/itching, fatigue, loss of appe-
tite, orthostatic hypertension, and dizziness) indicating
they should discuss reducing their diuretic dose with
their HCP.

Dosing ranges should be determined by the HCP and
should be adaptive, as PAH patients tend to need greater
diuresis over time. Patients should begin therapy on a sin-
gle diuretic dose of furosemide, with escalation to a combi-
nation of treatment with loop diuretics with either
thiazide diuretics or spironolactone considered in patients
with treatment-refractory peripheral oedema or insuffi-
cient symptomatic response.4 The addition of a different
aldosterone antagonist may also be considered.2 In our
clinical experience, spironolactone is the preferred add-on
therapy to initial furosemide treatment, and a different al-
dosterone antagonist is only considered when side effects
are observed with spironolactone, while initiation of thia-
zide diuretics is at the discretion of the treating physician.
Figure 1 summarizes a typical therapeutic approach, which
we would recommend for the management of fluid over-
load in a PAH patient with RV failure, based on our clinical
experiences with patients.

Management of side effects of diuretic treatment
While diuretic therapies help to maintain fluid levels and
prevent oedema, they are associated with side effects
including electrolyte imbalance, headache, dizziness, in-
creased blood sugar, increased thirst, muscle cramps, and
skin rashes. It is important to monitor renal function and
blood biochemistry in patients on diuretics to avoid hypo-
kalaemia and the effects of decreased intravascular

volume that might lead to renal dysfunction.2,4 There are
also measures that patients can take to reduce the impact
of side effects; authors’ practical recommendations, based
on their experience in the clinic, are summarized in Box 1.
While these measures are largely concerned with the less
severe side effects, it is important to educate patients on
what they can do to improve their daily lives, because
achieving optimal outcomes with any medication relies on
adherence to treatment regimens. There is little evidence
on the benefit of these measures, given how dependent
their success is on personal circumstances as well as
medical history and how difficult this would be tomeasure.
As such, this guidance should be individualized to each
patient, but the considerations listed in Box 1 serve as a
starting point for this conversation with patients.

Conclusions

Fluid retention is an important consideration in adults with
RV failure due to PAH, and patients should be monitored
throughout treatment for signs of oedema. If patients de-
velop fluid overload, it is important to determine whether
this is due to progression of the disease, the PAH treat-
ment, or another drug or comorbidity. In particular, ERA
treatments can lead to oedema in PAH patients.
There is a range of measures that patients can take to

help reduce fluid retention, from changing their diet and
fluid intake to diuretic treatments. Healthcare professio-
nals, and particularly nurse practitioners who see the
patients regularly, should be aware of these management
strategies and work with the patient to educate and inform
themof the different approaches. Healthcare professionals
should also be aware of other aspects of fluid retention,
such as weight management, hypoxaemia, and the in-
creased risk posed by infections. Where diuretic therapies
are necessary, patients should be monitored for renal func-
tion, and given advice on how to manage and reduce the
side effects associated with diuretic use.

Box 1 Practical recommendations and considerations for managing the side effects of diuretics in patients with right
heart failure due to pulmonary hypertension

• Feelings of dry mouth or thirst can be remedied with frozen pineapple, iced water, or boiled sweets
(Considerations: sugary sweets and fruit should not be recommended for patients with diabetes and care should
be taken to maintain good dental hygiene).

• Tonic water, topical magnesium oil, or oral magnesium supplements may help to manage cramps (Considerations:
quinine can influence myocardial conduction.47 Magnesium can cause gastrointestinal symptoms such as nausea,
vomiting, and diarrhoea; there are also possible interactions with potassium-sparing diuretics and calcium channel
blockers48).

• Skin-care regimens can help in cases of cellulitis or cracking of the skin.
• When using loop diuretics, be mindful of the need for increased urination for several hours after a dose and plan

the best time to take them, thereby lessening the impact of this drug on a patient’s daily commitments.
• Apply what the patient has learned about ways of managing fluid retention before initiating diuretics (e.g. avoiding

sources of unexpected fluid and/or salt intakes such as packaged soups, gelatine, or ice; being aware of drinking-
cup size).
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