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A 69-year-old woman presented to her
primary care physician with increasing
abdominal distention and a 13-kg un-

intentional weight loss over 1 year. She also re-
ported new lower extremity edema, mild
dyspnea on exertion, and orthopnea. Her med-
ical history was remarkable for type 2 diabetes
mellitus, asymptomatic coronary artery disease,
and peripheral vascular disease treated by
remote aortoiliac repair. Vital signs were normal
except for an arterial oxygen saturation of 87%
measured by finger oximetry while the patient
breathed room air. Pertinent examination find-
ings included a 3/6 holosystolic murmur, heard
best at the base of the heart, that increased in
intensity with inspiration, loud pulmonic com-
ponent of the second heart sound, jugular venous
pressure of 13 cm H2O, clear lung sounds on
auscultation, marked abdominal distention with
shifting dullness, palpable hepatosplenomegaly,
and bilateral pitting pretibial edema.

Laboratory studies revealed the following
(reference ranges shown parenthetically): alka-
line phosphatase, 340 U/L (55-142 U/L); aspar-
tate aminotransferase, 65 U/L (8-43 U/L);
alanine aminotransferase, 32 U/L (7-45 U/L);
and total bilirubin, 0.8 mg/dL (0.1-1.0 mg/dL).
Her hemoglobin level was 9.4 g/dL (12.0-15.5
g/dL), and the serum albumin concentration
was 3.5 g/dL (3.5-5.0 g/dL). The patient under-
went paracentesis, which removed 4 L of serous
fluid. Ascitic fluid levels of total protein and albu-
min were 3.60 g/dL and 1.76 g/dL, respectively.

1. Which one of the following is the most
likely etiology of the patient’s ascites?
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a. Cardiac disorder
b. Cirrhosis
c. Acute hepatic venous thrombosis

(Budd-Chiari syndrome)
d. Peritoneal carcinomatosis
e. Nephrotic syndrome
The serum ascites albumin gradient (SAAG)
is helpful in determining the etiology of a
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patient’s ascites. The SAAG can be calculated
by subtracting the ascitic fluid albumin concen-
tration from the serum albumin concentration
(in our patient, 3.5 g/dL � 1.76 g/dL ¼ 1.7
g/dL). An SAAGof 1.1 g/dL ormore is suggestive
of portal hypertension. An ascitic fluid total pro-
tein level greater than 2.5 g/dL indicates a car-
diac etiology. Our patient’s elevated jugular
venous pressure and heart murmur suggestive
of tricuspid regurgitation, as well as an SAAG
greater than 1.1 and a total protein level higher
than 2.5 g/dL, are consistent with a cardiac
source for the patient’s portal hypertensione
related ascites. Cirrhosis typically presents with
a high SAAG and low ascitic protein level. Acute
Budd-Chiari syndrome (hepatic venous throm-
bosis) classically presents with the triad of new
ascites, right upper quadrant pain, and jaundice.
Both peritoneal carcinomatosis and nephrotic
syndrome would present with an SAAG lower
than 1.1 g/dL.

Transthoracic echocardiography revealed
an estimated right ventricular systolic pressure
(RVSP) of 101 mm Hg, severe tricuspid valve
regurgitation, decreased right ventricular sys-
tolic function, and normal left ventricular
size and systolic function with an ejection frac-
tion of 73%.

2. To confirm the patient’s suspected
diagnosis, which one of the following
is the best next step?
i.org/10
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a. Six-minute walk test
b. Polysomnography
c. Right-sided heart catheterization
d. Right- and left-sided heart

catheterization
e. Transesophageal echocardiography
Although a 6-minute walk test cannot
confirm the diagnosis of pulmonary hyperten-
sion (PH), it is useful for monitoring functional
capacity and providing prognostic informa-
tion.1-3 Obstructive sleep apnea should be
considered as an aggravating stimulus in all
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patients with suspected PH. Polysomnography
would confirm the diagnosis of obstructive
sleep apnea but not PH. Right-sided heart cath-
eterization is the criterion standard for diag-
nosis of PH and is indicated even when
echocardiography strongly suggests PH.4 Pul-
monary hypertension is defined as a mean pul-
monary artery pressure of 25 mm Hg or higher
at rest. Right-sided heart catheterization is
required to confirm the diagnosis of PH, quan-
tify disease severity, and determine response to
possible treatment.4,5 Left-sided heart catheter-
ization would not be indicated because the pa-
tient has no evidence of left-sided heart failure.
In evaluating PH, transesophageal echocardi-
ography does not routinely offer additional
diagnostic information beyond that obtained
by transthoracic echocardiography and cannot
confirm the diagnosis.

Right-sided heart catheterization confirmed
severe PH (mean pulmonary artery pressure, 67
mm Hg) with mildly elevated pulmonary arte-
rial wedge pressure (14 mmHg). Vasoreactivity
testing yielded negative results.
3. Which one of the following tests is
indicated to determine the etiology of
the patient’s new diagnosis?

a. Empiric trial of oral calcium channel

blockers
b. Genetic testing
c. Ventilation-perfusion ( _V/ _Q) scan
d. Pulmonary angiography
e. Lung biopsy
Although calcium channel blockers may
benefit patients with PHwho have vasoreactivity,
they are associated with several adverse effects
and should not be used empirically. They do
not aid in diagnosis. Although some patients
with PH may have an associated germline muta-
tion, genetic counseling and possible testing
should be considered after ruling out more com-
mon etiologies. Chronic thromboembolic PH
(CTEPH) is a potential complication of acute pul-
monary embolism and may manifest as chronic
PH. Because CTEPH is potentially curable with
surgical pulmonary thromboendarterectomy, it
should be ruled out in patients with newly diag-
nosed PH. A _V/ _Q scan is the best screening test to
rule out CTEPH.6 If CTEPH is suspected on _V/ _Q
scan, invasive or computed tomographic pulmo-
nary angiography is indicated to confirm the
Mayo Clin Proc. n December 2013;88(
diagnosis.1,6 Lung biopsy is an extremely high-
risk procedure in patients with PH and should
only be considered if it would confirm or exclude
a diagnosis for which an established therapy
would be likely to substantially affect outcome,
so that the potential benefits outweigh the risk.

A _V/ _Q scan revealed no perfusion defects in
our patient, making CTEPH unlikely. With a
new diagnosis of severe PH and no identified
etiology, the patient was referred to a subspe-
cialty cardiology clinic for additional history
and physical examination. She reported a his-
tory of Raynaud phenomenon for the previous
5 years. Additional physical examination re-
vealed skin tightening over the proximal inter-
phalangeal joints, capillary dilatation in her
fingernail beds, and multiple telangiectasias on
her lips, face, and upper portion of the back.
Chest radiography revealed enlarged pulmonary
veins. Pulmonary function testing documented a
mild restrictive pattern with decreased diffusing
capacity at 32% of predicted. She had normal
findings on overnight oximetry and a negative
human immunodeficiency virus test result.
The antinuclear antibody titer was 8.3 U (<1.0
U), anticentromere antibody titer was more
than 8.0 U (<1.40 U), and SS-A result was 1.5
U (<1.0 U). Test results for ribonucleoprotein
antibody, SS-B, anti-Scl-70 antibody, and anti-
Jo-1 antibodies were negative.
4. In view of the patient’s clinical
condition and findings thus far, which
one of the following is the most likely
diagnosis?
12):1475
a. Schistosomiasis
b. Idiopathic PH
c. Diffuse cutaneous systemic sclerosis
d. Limited cutaneous systemic sclerosis
e. Dermatomyositis
Although schistosomiasis is one of the most
frequent causes of PHworldwide, it is an unlikely
cause in the United States.7 The patient’s clinical
picture suggests an underlying rheumatologic
condition, and thus the patient likely does not
have idiopathic PH. Diffuse and limited cuta-
neous systemic sclerosis can be differentiated
by the degree of cutaneous involvement. Diffuse
cutaneous systemic sclerosis is characterized by
truncal and proximal extremity skin involve-
ment, as well as a positive anti-Scl-70 antibody
test result.7 Limited cutaneous systemic sclerosis
-1479 n http://dx.doi.org/10.1016/j.mayocp.2013.04.028
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is characterized by more limited skin involve-
ment, typically just affecting the hands and
face. It is also characterized by sclerodactyly,
Raynaud phenomenon, telangiectasias, and an
elevated anticentromere antibody titer. Our pa-
tient has these classic findings of limited cuta-
neous systemic sclerosis. Dermatomyositis
classically presents with proximal muscle weak-
ness and skin rash and is not typically associated
with PH.

Limited cutaneous systemic sclerosis was
diagnosed. and the patient was evaluated for
further treatment options.

5. Which one of the following treatments
is most appropriate for this patient?
Mayo C
www.m
a. Digoxin
b. Pulmonary transplant
c. Prednisone
d. Diltiazem
e. Oxygen supplementation
Digoxin may improve right ventricular ejec-
tion fraction in patients with biventricular failure
and is also indicated in patients with PH and
superimposed supraventricular tachycardias.
Referral for pulmonary transplant should only
be considered for patients in whom medical
management has failed or who have rapidly pro-
gressive disease. Corticosteroids have no role in
the treatment of PH and essentially no role in the
treatment of CREST (calcinosis, Raynaud phe-
nomenon, esophageal dysmotility, sclerodac-
tyly, telangiectasia) syndrome except in specific
instances such as the presence of myositis. Our
patient did not respond to vasodilator therapy
and thus would not be a candidate for therapy
with diltiazem. Although no controlled trials
exist to evaluate the efficacy of continuous oxy-
gen therapy in patients with PH, supplemental
oxygen therapy is recommended for all patients
with PH and hypoxemia. Importantly, patients
with Raynaud phenomenon may have inaccu-
rate digital pulse oximetry readings. Accurate
oximetry readings must be ensured before oxy-
gen therapy is initiated.

Oxygen and sildenafil therapy were initiated
in our patient, and her symptoms improved.
DISCUSSION
Pulmonary hypertension is a chronic progres-
sive condition affecting up to 100million people
worldwide. It is defined as a mean pulmonary
lin Proc. n December 2013;88(12):1475-1479 n http://dx.do
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arterial pressure of 25 mm Hg or higher on
right-sided heart catheterization.8 The clinical
classification of PH is based on the underlying
pathophysiologic mechanisms, clinical presen-
tation, and therapeutic approaches.9,10 Group
1 pulmonary arterial hypertension (PAH) in-
cludes idiopathic PAH and associated PAH.
The underlying pathology is related to intimal
medial thickening due to cellular proliferation.7

Group 2 PH is caused by left-sided heart disease
and is the most common type. Group 3, caused
by underlying pulmonary disease, is a result of
hypoxia-induced vasoconstriction and paren-
chymal disease. Group 4 is defined as chronic
thromboembolic PH. Group 5 is associated
with to various mechanisms including myelo-
proliferative disorders, sarcoidosis, and glyco-
gen storage disorders.5

Patients with PH can present with numerous
symptoms including dyspnea, fatigue, chest
pain, syncope, edema, or no symptoms at all.
Findings on physical examination may include
jugular venous distention, palpable right ven-
tricle impulse, increased pulmonic component
of the second heart sound, and a murmur of
tricuspid regurgitation.7,11

In a patient with symptoms suggestive of
PH, chest radiography and transthoracic echo-
cardiography should be performed. Chest
radiography documents abnormalities in 90%
of patients with PH and may reveal right ven-
tricular enlargement with marked prominence
of the central pulmonary arteries.5 Normal
findings on chest radiography do not rule
out PH, however. Echocardiography may yield
a variety of findings, including elevated RVSP,
right ventricular and atrial enlargement, and
possible left ventricular or valvular dysfunc-
tion. Although RVSP is commonly used to es-
timate pulmonary artery pressures, the RVSP
can overestimate or underestimate pulmonary
pressure. A variety of factors such as tricuspid
regurgitation and body habitus may influence
the ability of RVSP to accurately estimate pul-
monary artery pressures.7 Thus, right-sided
heart catheterization is the criterion standard
for diagnosis and should be performed in
any patient with an unexplained diagnosis of
PAH.1 Right-sided heart catheterization also
measures pulmonary arterial wedge pressure,
a surrogate marker for underlying left ventric-
ular dysfunction. If results of right-sided heart
catheterization are consistent with PAH, the
i.org/10.1016/j.mayocp.2013.04.028 1477
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patient should also undergo vasoreactivity
testing to determine whether calcium channel
blockers would be safe and beneficial.

Patients with newly diagnosed PAH should
undergo a complete evaluation to determine
the etiology.7 Pulmonary function testing and
arterial blood gas measurement are important
to evaluate for intrinsic pulmonary disease as
well as to document baseline pulmonary func-
tion. A 6-minute walk test should be adminis-
tered to determine the effect of PAH on
functional capacity, to establish a baseline, and
to provide prognostic information. Ventilation-
perfusion scan should be ordered to rule out
CTEPH, even in patients with no known history
of pulmonary embolism or deep venous throm-
bosis.12 Testing for human immunodeficiency
virus, routine chemistry panels, complete blood
cell count, and thyroid and liver function tests
are also recommended in all patients.7 An anti-
nuclear antibody titer should be obtained to
screen for autoimmune diseases, and further
testing based on history and examination find-
ings may include serologic evaluation for
scleroderma.5 Overnight oximetry should be
performed to screen for obstructive sleep
apnea.7

Management of a patient with PH involves
treating the underlying etiology if possible, in
addition to symptom control.3 Oxygen supple-
mentation is recommended to keep oxygen
saturation greater than 90% at all times.11

Although no randomized controlled trials
studying diuretics have been performed in pa-
tients with PAH, these agents are beneficial in
the management of symptoms. Digoxin and
other inotropic agents are useful for symptom
control, but there is no data suggesting long-
term benefits. Anticoagulation is recommend-
ed in patients with idiopathic PAH, as well as
those with CTEPH.11 Those with advanced
PAH of other types may be candidates for anti-
coagulation as well. Mortality benefit with
warfarin, however, has been described only in
patients with PAH.11,12 Patients with underly-
ing interstitial lung diseases should be treated
with appropriate disease-specific therapy.

Calcium channel blockers may have a role
for treatment of patients with PAH who exhibit
vasoreactivity during cardiac catheterization.1

Generally, long-acting nifedipine, diltiazem,
or amlodipine are the agents of choice because
of the negative inotropic effects of verapamil.1
Mayo Clin Proc. n December 2013;88(
Those who receive calcium channel blockers
should be monitored closely to assess clinical
improvement.

Prostanoids are also useful agents that act
via vasodilation and inhibition of platelet aggre-
gation. Phosphodiesterase 5 inhibitors such as
sildenafil and tadalafil have also been recog-
nized as important agents in managing patients
with PAH.7 These agents act by augmenting
the vasodilatory effects of endogenous nitric
oxide, allowing for vasorelaxation. Patients
with PAH derive symptomatic and hemody-
namic benefit from epoprostenol and trepros-
tinil. Endothelin receptor antagonists are also
important agents to consider when treating
PAH. Bosentan and ambrisentan, specifically,
have been shown to improve 6-minute walk
test performance and reduce the rate of clinical
decline.11

Pulmonary thromboendarterectomy is the
treatment of choice in patients with CTEPH.
Invasive angiography is performed to determine
the feasibility of pulmonary thromboendarterec-
tomy, and once this is confirmed, surgery should
be pursued if chronic thrombus is surgically
accessible. Group 4 PH, associated with pulmo-
nary embolism, is the only potentially curable
form of PAH. Although lung transplant is an op-
tion for some patients with PAH, this procedure
carries its own risk of morbidity and mortality
and is generally considered a last resort.

Patients with PAH require close outpatient
follow-up. Six-minute walk performance, oxy-
gen saturation, and N-terminal pro-B-type
natriuretic peptide levels should be monitored
for decline, which may indicate the need to
optimize medications. Cardiac catheterization
generally does not need to be repeated unless
there is a plan to change therapy or if echocar-
diography is thought to be unreliable.

Despite current treatment modalities, the
prognosis of PH is poor.8 The median sur-
vival in patients with idiopathic PAH and
PAH has increased from about 2 to 3 years
to about 7 years in the modern treatment
era. Early diagnosis and initiation of appro-
priate treatment is key to optimizing patient
outcomes. Because of the complexities of ac-
curate diagnosis and establishing optimal treat-
ment, generalists are encouraged to collaborate
early with centers specializing in PH manage-
ment when they believe their patient may
have this disorder.
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