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Right ventricular failure

in a young man

3I-YEAR-OLD MAN presented to the hospital for
Adyspnea that had progressively worsened over
the previous 2 years. Initially, his dyspnea was pres-
ent only on exertion, but during the past 2 months
it had progressed to shortness of breath at rest. He
also noted an intermittent dry cough. He reported no
fevers, chills, chest pain, dizziness, syncopal episodes,
hemoptysis, wheezing, or unintentional weight loss.
The patient’s past medical history included a
reported but undetermined fungal infection 12 years
earlier that had been treated with itraconazole. He
had no significant surgical or family history and did
not take any medications on a regular basis. He did
not smoke cigarettes, drink alcohol, or use illicit drugs.
Physical examination revealed 2+ pitting edema in
the bilateral lower extremities and crackles through-
out bilateral lung fields. The cardiac examination
was notable for a prominent second pulmonary heart
sound, right ventricular heave, grade 3 of 6 holosys-
tolic murmur most evident at the left sternal border,
jugular venous distention, and hepatojugular reflux.
Initial laboratory values included elevated levels
of troponin and B-type natriuretic peptide. Serum
creatinine, lactate, and complete blood cell count
were within normal range (Table 1). The patient’s
initial chest radiograph is shown in Figure 1.

I FURTHER STUDIES: ECHOCARDIOGRAM
AND RIGHT HEART CATHETERIZATION

The initial transthoracic echocardiogram demon-
strated a diffusely hypokinetic left ventricle with an
ejection fraction of 45%, dilated inferior vena cava
of 3.3 cm (reference range 1.5-2.5) with abnormal
collapse of less than 50% consistent with volume
overload, and flattening of the interventricular sep-
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tum. Right-sided measurements of the heart revealed
a severely dilated right ventricle of 7.4 cm (2—4.1),
severely depressed right ventricular function, moder-
ately dilated right atrium of 30.3 cm? (10-18), mod-
erate tricuspid valve regurgitation, and elevated pul-
monary artery systolic pressure of 58 mm Hg (< 30)
(Figure 2).

Given his severe right ventricular dysfunction, the
patient underwent a right heart catheterization during
which the following measurements were obtained:
® Mean right atrial pressure: 28 mm Hg (0-8)

e Right ventricular pressure: 118/10 mm Hg (sys-

tolic 15-25, diastolic 0-10)

e Pulmonary artery pressure: 137/31 mm Hg; mean

77 mm Hg (systolic 15-25, diastolic 4-12, mean

< 25)
¢ Pulmonary capillary wedge pressure: 8 mm Hg (4—14)
e Cardiac output: 5.76 L/min using the thermodilu-

tion method (4-8)

Cardiac index: 2.56 L/min/m?* (2.5—4)

Pulmonary vascular resistance: 12 Wood units (< 2).

The findings indicated the presence of severe
precapillary pulmonary hypertension. The right ven-
tricular stroke work index ([mean pulmonary artery
pressure — mean right atrial pressure] x stroke volume
index), a measure of how much energy the right ven-
tricle expends to pump blood into the pulmonary cir-
culation, was severely elevated at 17.39 g/m/beat/m?,
indicating a high ventricular workload. The pulmonary
artery pulsatility index ([pulmonary artery systolic pres-
sure — pulmonary artery diastolic pressure]/right atrial
pressure), a measure of how strongly the right ventricle
is pumping, was elevated at 3.78. Both calculations,
derived from right heart catheterization measurements,
indicate that the right ventricle was functioning under
extreme pressure and volume overload, with concern
for imminent right ventricle failure.
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TABLE 1
The patient’s initial laboratory results
Reference

Test Result? range
Sodium 139 mmol/L 135-146
Potassium 3.8 mmol/L 3.5-5.3
Chloride 99 mmol/L 98-110
Bicarbonate 32 mmol/L 20-32
Anion gap 8 mEq/L 10-20
Blood urea nitrogen 12.2 mg/dL 7-25
Creatinine 1.2 mg/dL 0.60-1.26
Calcium 9.5 mg/dL 8.6-10.3
White blood cell count 9.15 x 10°L 4-1
Hemoglobin 13.9 g/dL 13-17
Platelet count 281 x 10°/L 150-450

B-type natriuretic peptide 2,257 pg/mL <100
0.10 ng/mL <0.04

1.9 mmol/L 0.5-2.2

Troponin |
Lactate

2Qut-of-range results are shown in bold.

I FINDING THE CAUSE OF PULMONARY
HYPERTENSION

Which of these diagnostic tests is indicated to
identify the etiology of this patient’s pulmonary
hypertension?

(] Computed tomography (CT) of the chest
[] Ventilation-perfusion scan
[J Autoimmune serologies

(] All of these

Right heart catheterization is the gold standard for
diagnosing pulmonary hypertension, defined as a mean
pulmonary arterial pressure of 20 mm Hg or higher.!”?
Pulmonary hypertension is classified into 5 subgroups
(Table 2). Patients are grouped based on hemody-
namic measurements on right heart catheterization.

Precapillary pulmonary hypertension (groups 1,
3, 4, and 5) is defined by mean pulmonary arterial
pressure greater than 20 mm Hg, pulmonary capillary
wedge pressure 15 mm Hg or less, and pulmonary vas-
cular resistance 2 Wood units or higher.

Postcapillary pulmonary hypertension (groups 2
and 5) is defined by mean pulmonary arterial pressure
greater than 20 mm Hg, pulmonary capillary wedge
pressure greater than 15 mm Hg, and pulmonary vas-
cular resistance less than 3 Wood units.

Figure 1. Chest radiograph obtained at admission
was notable for consolidations in the left lower
and middle lung field concerning for alveolar
edema (white arrows); blunting of the left costo-
phrenic angle, likely reflecting a small left pleural
effusion (blue arrow); and scattered rounded
lesions in the left lung field (red arrows). The
cardiac silhouette appears enlarged, with a prom-
inent, bulging right heart border (green arrow),
suggesting possible right atrial enlargement and
volume overload. The right lung field appears clear.

Combinedpre-and postcapillary pulmonaryhyper-
tension is defined by a mean pulmonary arterial pres-
sure greater than 20 mm Hg, pulmonary capillary
wedge pressure greater than 15 mm Hg, and pulmo-
nary vascular resistance 2 Wood units or higher.!#

Further diagnostic evaluation is critical for classify-
ing patients into the correct group and has significant
implications for guiding treatment.

Patients with isolated precapillary pulmonary
hypertension or combined pre- and postcapillary pul-
monary hypertension require further workup with chest
CT, autoimmune serologies, and ventilation-perfusion
scan. This workup is especially important in patients
who have left heart disease insufficient to explain the
degree of pulmonary hypertension.

CT of the chest permits thorough evaluation of
the lung parenchyma and pulmonary vasculature,
helping clinicians determine whether a patient’s pul-
monary hypertension is due to parenchymal lung dis-
ease.” Additionally, chest CT may help identify occult
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systemic diseases such as scleroderma if characteristic
findings (eg, esophageal dilation) are seen.®’
Autoimmune serologies, including but not lim-
ited to antinuclear antibodies, rheumatoid factor,
double-stranded DNA antibodies, and scleroderma-70
antibodies, should be requested because there is an
association between various connective tissue diseases
and group 1 pulmonary hypertension, particularly
in women.®” Among all connective tissue diseases,
systemic sclerosis places patients at the highest risk
of developing pulmonary arterial hypertension, with
an 8% to 12% lifetime risk.® However, serologies are
nondiagnostic and can only support a diagnosis of
connective tissue disease in the appropriate clinical
context. Careful physical examination to identify
rashes, skin thickening, joint pain, and other auto-
immune stigmata are critical in making the diagnosis.
Ventilation-perfusion scan, necessary to evaluate
for chronic thromboembolic hypertension and group
4 pulmonary hypertension, has a diagnostic sensitiv-
ity of 97.4%.1%!" Ventilation-perfusion scan measures
both airflow and blood flow through the lungs using
radioactive tracers. If mismatched perfusion defects are
indicative of chronic thromboembolic hypertension,
patients should be evaluated for pulmonary thrombo-
endarterectomy as definitive treatment.!? False-positive
results on ventilation-perfusion scan can be seen with
conditions that can lead to extrinsic compression of
the pulmonary artery and reduced distal flow such as
mediastinal lymphadenopathy or fibrosis.!*!*

I CASE CONTINUED: FURTHER EVALUATION

The patient underwent CT of the chest, which
showed extensive mediastinal soft tissue infiltration
(Figure 3). He also had calcified lymph nodes, severe
enlargement of the pulmonary artery, and narrowing
of the bilateral pulmonary arteries. The lung paren-
chyma appeared normal. The findings were consistent
with a diagnosis of fibrosing mediastinitis.

Ventilation-perfusion scan showed 90% perfusion
going to the right lung and 10% going to left lung,
with severe parenchymal pulmonary disease involving
the entire left lung and right upper lung.

Serology tests for antinuclear antibodies,
double-stranded DNA antibodies, rheumatoid factor,
and scleroderma-70 antibodies were negative. Fungal
serologies were notable for the following:

e Histoplasma antigen: negative
e Histoplasma mycelial antibody: 1:16 (> 1:8 = anti-
body detected)

e Coccidioides immunoglobulin (Ig) G: negative
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Figure 2. Transthoracic echocardiography apical
4-chamber view showed severe right ventricular
dilation (white arrow), dilated right atrium (blue
arrow), and flattening of the intraventricular sep-
tum (red arrow) consistent with right ventricular
pressure and volume overload.

e Coccidioides IgM: negative
Galactomannan: negative

e Respiratory culture and acid-fast bacilli smear:
negative for bacteria.

M FINDING THE CAUSE OF FIBROSING
MEDIASTINITIS

What is the most likely etiology of this patient’s
fibrosing mediastinitis?

[J Histoplasmosis
[] Sarcoidosis
[ [gG4 disease

Fibrosing mediastinitis, also known as mediastinal
fibrosis or sclerosing mediastinitis, is a rare cause of
group 5 pulmonary hypertension characterized by
abnormal proliferation of fibrous tissue within the
mediastinum.” With continued proliferation, fibrous
tissue can encase, invade, and compress mediastinal
structures, resulting in obstruction of airways, cardiac
vessels, and the esophagus.

Fibrosing mediastinitis affects individuals ages 13
to 65 years and has a strong predilection for affecting
young women.'® Radiographic abnormalities confirm
its presence. A chest radiograph most commonly shows
mediastinal widening and lymphadenopathy in the sub-
carinal, paratracheal, and hilar regions. Calcifications
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TABLE 2

Clinical classification of pulmonary hypertension

Group Description Considerations
1 Pulmonary arterial hypertension Idiopathic; associated with genetic conditions, drugs and toxins,
connective tissue disease, human immunodeficiency virus infection, portal
pulmonary hypertension, schistosomiasis, and congenital heart disease;
pulmonary arterial hypertension with features of venous or capillary
involvement; persistent pulmonary arterial hypertension of the newborn
2 Pulmonary hypertension secondary to left heart ~ Associated with heart failure with preserved or reduced ejection
disease fraction, valvular heart diseases, or cardiovascular conditions leading to
postcapillary pulmonary hypertension
3 Pulmonary hypertension secondary to lung Associated with chronic obstructive pulmonary disease, emphysema,
disease or both; interstitial lung disease; combined pulmonary fibrosis and
emphysema; other parenchymal lung diseases; nonparenchymal
restrictive diseases; hypoxia without lung disease; developmental lung
diseases
4 Pulmonary hypertension associated with Related to chronic thromboembolic disease and other pulmonary artery
pulmonary artery obstruction obstructions
5 Pulmonary hypertension with unclear or Related to hematologic disorders, systemic disorders (sarcoidosis,

multifactorial mechanisms

pulmonary Langerhans cell histiocytosis and neurofibromatosis type 1),
metabolic disorders, chronic renal failure with or without hemodialysis,
pulmonary tumor thrombotic microangiopathy, fibrosing mediastinitis,
complex congenital heart disease

of the mediastinal lymph nodes may also be present
and can suggest a fungal etiology. Contrast-enhanced
CT of the chest can show mediastinal enhancement,
calcified lymph nodes, and complications of fibrosing
mediastinitis, including pulmonary vascular stenosis,
bronchial stenosis, postobstructive pneumonias, and
superior vena cava compression.!’

Fibrosing mediastinitis has 2 major subtypes: gran-
ulomatous and nongranulomatous. The granuloma-
tous form is more common and typically is associated
with tuberculosis and fungal infections such as blasto-
mycosis, aspergillosis, and histoplasmosis.'®

Histoplasmosis. In the United States, fibrosing
mediastinitis is most commonly associated with Histo-
plasma capsulatum infection; the reported prevalence
of H capsulatum infection—related fibrosing mediasti-
nitis is 3 in 100,000 individuals."

Diagnostic association of fibrosing mediastinitis
with fungal infection can be made via serologic assays
and fungal staining from lymph node biopsies.'® How-
ever, fungal stains have a reported sensitivity of 32%
and do not help differentiate between active and prior
H capsulatum infection.” Assays that detect antibodies
against the H and M antigens specific to H capsulatum
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Based on information from reference 3.

demonstrate a sensitivity of 64% to 95% in acute, sub-
acute, chronic, and prior infection.”® A negative anti-
gen test can support a previous infection as the cause of
a positive antibody test, though the sensitivity of each
assay and clinical context must be considered.
Sarcoidosis, characterized by formation of granu-
lomas in various organs, is a rare cause of granuloma-

tous fibrosing mediastinitis. Its diagnosis is confirmed
with a tissue biopsy of the organ involved, which
reveals noncaseating granulomas.”!

IgG4 disease, a fibroinflammatory condition in
which [gG4-positive plasma cells infiltrate various
organs, is a rare cause of nongranulomatous fibrosing
mediastinitis. Diagnostic evaluation of IgG4 disease
begins with serum protein electrophoresis and inves-
tigation of IgG subclasses to assess for elevated 1gG4
levels. A biopsy is required to confirm the diagnosis;
it reveals dense polyclonal, lymphoplasmacytic infil-
trate with [gG4-positive plasma cells.?>* Rare cases of
nongranulomatous fibrosing mediastinitis have been
reported in patients with radiation exposure and those
with a diagnosis of primary sclerosing cholangitis.?

If fibrosing mediastinitis is identified on imaging,
fungal serologies may help establish evidence of prior
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Figure 3. (A) Chest computed tomography with contrast demonstrated extensive mediastinal soft tissue
infiltration (white arrow). (B) Calcified lymph nodes (red arrows), severe pulmonary artery enlargement with
a diameter of 39.4 mm (blue double-head arrow), and narrowing of the bilateral pulmonary arteries (white
arrow shows narrowing of the right pulmonary artery) were noted.

infection. In our patient, a positive histoplasmosis
antibody test combined with a negative histoplas-
mosis antigen test suggested the diagnosis of fibrosing
mediastinitis secondary to prior histoplasmosis infec-
tion. If noninvasive diagnostics are inconclusive, a
bronchoscopy with bronchoalveolar lavage, lymph
node biopsy, or mediastinal biopsy may be required.

Il CASE CONTINUED: MANAGEMENT
OF PULMONARY HYPERTENSION

After the patient was diagnosed with fibrosing medi-
astinitis secondary to prior histoplasmosis, he was
transferred to the intensive care unit for further man-
agement of his severe pulmonary hypertension and
right ventricular failure. He received inotropic sup-
port with dobutamine and diuresis with furosemide
and metolazone.

A cautious trial of pulmonary hypertension therapy
with inhaled treprostinil was initiated to reduce right
ventricular afterload, which was due in part to the
marked elevation in pulmonary vascular resistance. A
Swan-Ganz catheter was placed to monitor changes in
cardiac output, cardiac index, pulmonary artery pres-
sures, and central venous pressures. Despite multiple
days of inotropic support, pulmonary hypertension—
directed therapy, and diuresis, the patient developed
worsening cardiogenic shock due to refractory ventric-
ular failure with the following right heart catheteriza-
tion measurements:
® Mean right atrial pressure: 21 mm Hg
® Right ventricular pressure: 109/6 mm Hg
e Pulmonary artery pressure: 116/29 mm Hg; mean

48 mm Hg

e Pulmonary capillary wedge pressure: not measured

110 CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 93 ¢ NUMBER 2

e Cardiac output: 4.32 L/min using the thermodilu-
tion method
e (Cardiac index: 1.92 L/min/m?.

I TREATMENT DECISIONS

What is the best treatment modality for this pa-
tient?

[ Antifungal therapy

[] Mediastinal tissue resection

[] Endovascular stenting of the pulmonary arteries

[J Combined heart and bilateral lung transplant-
ation

Antifungal and anti-inflammatory therapies are
ineffective for the treatment of fibrosing mediastinitis.
The most recent guidelines from the Infectious Dis-
eases Society of America® recommend against rou-
tine antifungal treatment as fibrosing mediastinitis
is a late complication of fungal infections; further,
antifungal therapy has minimal utility in the setting
of irreversible, fibrotic changes.'® As for medical man-
agement of fibrosing mediastinitis—associated pulmo-
nary hypertension, no robust data exist on the use of
pulmonary hypertension—specific therapy.

Mediastinal tissue resection. Minimally invasive
techniques and surgical options should be considered
to alleviate the mechanical burden of disease. The
type of intervention depends on which structures are
affected. Mediastinal debulking surgeries are unfavor-
able due to the high risk of bleeding and intraopera-
tive complications. Surgical case series have reported
an operative mortality as high as 20%.1526%7

Endovascular stenting of the pulmonary arteries
has been evaluated in small case series and is associated
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with a lower acute mortality and improved symptom
relief. However, patients often require additional pro-
cedures for stent restenosis, stent migration, hemopty-
sis, and other graft-related complications.!>?

Combined heart and lung transplantation pro-
vides definitive management of fibrosing mediasti-
nitis complicated by severe pulmonary hypertension
and right ventricular failure. Typically, bilateral lung
transplantation alone is curative for severe pulmo-
nary hypertension.”” However, with dense adhesions
and extensive fibrous tissue within the mediastinum,
a combined en bloc heart-lung transplant in which
the heart and lungs are removed as one may be tech-
nically more feasible, with a lower intraoperative
bleeding risk.*® There are no standardized criteria for
heart-lung transplant, although common indications
include right ventricular failure with extensive right
ventricular fibrosis, pulmonary arterial hypertension
with severe cardiomyopathy, and interstitial lung dis-
ease with associated right ventricular dysfunction.’!
All surgical approaches must be considered in relation
to the experience and expertise of a particular center.
A multidisciplinary evaluation may help weigh the
risks and benefits of each approach.

Il CASE CONCLUSION

Our patient’s case was reviewed in a multidisciplinary
conference that included clinicians in cardiology,
transplant pulmonology, lung transplant surgery, car-
diac surgery, and thoracic surgery. The group considered
multiple surgical approaches and the risks and benefits
of each. Given our patient’s severe right ventricular
failure and extensive mediastinal fibrosis, the panel
made the decision to proceed with combined heart-
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