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15.1 Introduction

Pleuroparenchymal fibroelastosis (PPFE) is a
rare and possibly underrecognized interstitial
pneumonia, as defined by the updated 2013 ATS/
ERS Classification [1].

There are two groups of patients, those with a
known cause and those without known associa-
tion, the latter being termed idiopathic PPFE [2].

The first group includes cases of PPFE associ-
ated with lung transplantation (late posttransplant
complication in 2-7.5% of lung transplant recipi-
ents), hematopoietic stem cell transplantation (late
complication in 0 and 2% of patients), previous
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chemotherapy (alkylating agents) and/or radiother-
apy, occupational dust exposure (asbestos, alumi-
num), recurrent pulmonary infections (Aspergillus
sp., Mycobacterium avium-intracellulare), autoim-
mune diseases (ankylosing spondylitis, ulcerative
colitis, psoriasis, lupus, rheumatoid arthritis), and
familial cases with a possible underlying genetic
predisposition (e.g., a short telomere syndrome
characterized by telomere-related gene mutations
of TERT, TERC, RTEL1, and PARN): the latter are
prevalent among female patients [2—6].

When all these causes may be excluded or no
specific clinical settings are identified, the disor-
der is labeled as idiopathic [4].

Curiously PPFE is morphologically similar to
a spontaneous syndrome of aged donkeys with a
high prevalence (35%) that analogously involves
the upper lung zones. PPFE as an effect of aging
in humans has also been speculated upon [7].

PPFE is also classified into pure PPFE and
PPFE combined with other interstitial pneumo-
nias, such as usual interstitial pneumonia (UIP)
and non-specific interstitial pneumonia (NSIP),
often involving the lower lung zones [8].

There is a wide age range at diagnosis
(13-87 years, mean 53 years) and a bimodal dis-
tribution of presentation with an early peak in
the third and a later peak in the sixth decade; a
striking predominance of female cases in the
earlier peak is observed.

A frequent association with a low body mass
index (BMI) and with a “platythorax” (reduction
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in the anterior-posterior diameter of the chest
wall) has also been demonstrated [2—4].

Recently a possible association between idio-
pathic PPFE and hypothyroidism (“lung-thyroid
syndrome”) and cutaneous manifestations of
PPFE that clinically simulate telangiectasia mac-
ularis eruptiva perstans, but lacking mast cell
infiltrate, have been reported [9, 10].

The most common presenting symptoms are
dyspnea, cough, hemoptysis, weight loss, low-
grade fever, recurrent infection, pleuritic chest
pain, and spontaneous pneumothorax [2—4].

Pulmonary function tests typically show a
restrictive pattern or a mixed restrictive-
obstructive pattern with an increased residual
volume/total lung capacity (RV/TLC) ratio,
which is a peculiar functional impairment that
differs from that seen in IPF [11].

Serum laboratory data show elevation of KL-6
with the disease progression, and also surfactant
protein D may be elevated. About a half of patients
with PPFE demonstrates increased titers of a variety
of serum autoantibodies such as rheumatoid factor,
double-stranded DNA, and antinuclear antibody,
suggesting a possible role of autoimmune mecha-
nism in the pathogenesis of the disease [3, 4].

Chest radiograph at the early stage of PPFE
shows bilateral, apical, irregular thickening of the
pleura. Later the elevation of bilateral hila is
detected. The lateral view often demonstrates an
abnormally narrowed anterior-posterior thoracic
dimension [2, 3].

Radiologic criteria for the diagnosis of PPFE
are proposed by Reddy as follows: a definite
diagnosis of PPFE at HRCT requires upper lobe
pleural thickening and subpleural fibrosis (trac-
tion bronchiectasis, architectural distortion,
upper lobe volume loss, superior hilar retraction),
with involvement of the lower lobes being less
marked or absent. The presence of a clear demar-
cation between the affected and the normal lung
is a characteristic feature. Pneumothorax, platy-
thorax, parenchymal consolidations, subpleural
cysts, and ground glass areas might be present,
mainly in the upper zones. A consistent diagnosis
of PPFE is considered when there is pleural
thickening and subpleural fibrosis that are not
concentrated in the upper lobe or there is pres-
ence of coexistent disease elsewhere [3].

At the advanced stage, fibrotic shadows extend
to lower lung fields, and the diaphragm is ele-
vated with the loss of bilateral lung volume.
Multiple bullae and large cysts often appear in
the upper lung fields [3].

The radiological differential diagnosis
includes familial pulmonary fibrosis, connective
tissue disease (particularly ankylosing spondyli-
tis), fibrotic sarcoidosis, and chronic hypersensi-
tivity pneumonitis (HP) [3, 11].

Once PPFE becomes symptomatic, patients
may remain stable for a long period of time or
progress rapidly (60% of cases) to hypoxemic
and hypercapnic respiratory failure [1-4].

Urinary desmosines (degradation product of
mature elastin) have been proposed as a novel,
noninvasive diagnostic biomarker, since urinary
levels are significantly higher in patients with
PPFE than those in patients with IPF or healthy
controls [12].

At present, there are no established therapeutic
options for PPFE, except for transplantation.
Patients have been treated empirically with corti-
costeroids, N-acetylcysteine, prophylactic antibi-
otics,andimmunosuppressant(cyclophosphamide,
azathioprine) although none have demonstrated
clear evidence of efficacy except for supportive
care (oxygen therapy). A potential efficacy of pir-
fenidone in preventing lung function decline has
been suggested in single cases of PPFE combined
with UIP/IPF, leading to the consideration that a
subset of PPFE may potentially benefit from anti-
fibrotic drugs, especially in the setting of PPFE
combined with UIP/IPF [13].

15.1.1 Histology

e Upper lobes and peripheral predominant
distribution.

e Collagenous fibrosis of the visceral pleura
with haphazardly arranged elastic fibers.

* Subpleural intra-alveolar elastotic fibrosis.

e Alveolar septal elastosis.

¢ Increase in subpleural network of elastin fibers
best appreciated at histochemistry with elastic
tissue stains.

e Abrupt transition between the areas of fibro-
elastosis and the surrounding unaffected
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parenchyma with occasional fibroblastic foci
at the leading edge of fibrosis (i.e., interface of
PPFE and adjacent lung).

e Mild and patchy chronic inflammation within
areas of fibrosis.

e Vascular fibrointimal thickening with partial
stenosis  in  arteries and/or  vascular
microthrombi.

e Absence of classic honeycombing.

* Possible coexistence of other histologic fea-
tures and/or patterns: granulomas, UIP/IPF,
HP, NSIP.

» Diffuse alveolar damage, alveolar hemor-
rhage, and obliterative bronchiolitis are possi-
ble concomitant findings in lung or
hematopoietic stem cell transplant recipients.

15.1.2 Differential Diagnosis

The main histologic differential diagnosis is
between PPFE and UIP, either in its idiopathic
form (IPF) or secondary to other known causes
such as chronic HP, connective tissue disease-
related interstitial lung disease (CTD-related
ILD), drug reaction, asbestosis, or chronic fibros-
ing sarcoidosis. In the pure forms, PPFE and UIP
are readily distinguishable. As the name implies,
PPFE is a morphologically descriptive term
denoting intense elastotic fibrosis of the visceral
pleura and adjacent lung parenchyma. Elastosis is
a distinctive form of chronic scarring in the lung
that differs from the common scarring associated
with extensive remodeling of the lung paren-
chyma and honeycomb changes which are appre-
ciable in UIP pattern. Usually, PPFE lungs contain
twice as much elastin fibers compared to UIP/IPF
appreciable both on hematoxylin and eosin and
using elastic stains in the upper lobes. The distinc-
tion between PPFE and UIP/IPF relies above all
in the different predominant involvement of the
lung parenchyma as follows: PPFE is an upper
lobe-dominant elastotic fibrosis, whereas IPF is a
lower lobe-dominant collagenous fibrosis. Both
PPFE and UIP/IPF are characterized by a similar
abrupt transition between fibrotic areas and spared
juxtaposed lung, but PPFE lacks honeycombing
and shows a smaller number of fibroblastic foci.
In addition PPFE is prevalent among non-smok-

ers (62—-85%), while the majority of patients with
UIP/IPF are smokers [2-4].

Since UIP/IPF and PPFE can coexist in the
same patient, the histologic interpretation
becomes more difficult. These cases represent a
disease entity distinct from UIP/IPF. Compared
with patients with IPF, patients with PPFE and
UIP/IPF had (1) higher complication rate of
pneumothorax or pneumomediastinum, (2) lower
BMI, (3) flattened chest, and (4) distinct pulmo-
nary function with restrictive pattern, alveolar
hypoventilation, and increased RV/TLC ratio and
PaCO,. The prognosis is worse, and the survival
time is shorter in patients with PPFE and UIP/IPF
than in patients with IPF [8]. The histologic prob-
lem centers on whether a PPFE-like change or
UIP-like regions are significant or not, and the
issue is best addressed with clinical and radio-
logic correlation.

The secondary UIP pattern seen in chronic HP
should be differentiated from PPFE for its bron-
chiolocentric/centrilobular involvement with fre-
quent sparing of the pleural surfaces and presence
of scattered interstitial granulomas and/or giant
cells. In addition a diagnosis of PPFE should
only be made in absence of a relevant history of
exposure to inhaling antigens.

The fibrotic stage of Langerhans cell histiocy-
tosis may present with upper lobe fibrosis, and
the distinction with PPFE depends on the identi-
fication of CDla-positive Langerhans cells
within fibrotic areas, on the stellate bronchiolo-
centric scars, and/or on the coexistent
smoking-related damage typical of Langerhans
cell histiocytosis.

The differential diagnosis out of PPFE also
includes the residua of infections (previous his-
tory of tuberculosis and tuberculosis pneumotho-
rax treatment, aspergillosis), as well as asbestos
exposure, advanced chronic fibrotic sarcoidosis,
or connective tissue disease.

The histological pattern of asbestos-related
fibrosis tends to display more prominent parietal
pleural thickening and more advanced remodel-
ing and architectural distortion than PPFE.

Nonetheless, a confident diagnosis of PPFE
should only be made in absence of a relevant
occupational exposure history to asbestos as well
as the lack of asbestos bodies, sarcoid-like
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granulomas, microorganisms at special stains,
dense lymphoplasmacytic infiltrates, and/or
numerous follicles with germinal centers sugges-
tive of a CTD-related ILD.

The incidental lesion that morphologically and
radiologically closely mimics PPFE is apical cap.

Apical cap is a localized lesion of lung apices
in the form of subpleural pyramidal fibroelastotic
scar, often resected for a radiologically suspected
carcinoma. Characteristically, apical caps occur in
older asymptomatic males, mostly smokers and
are stable in time, while PPFE also affects younger,
non-smoker patients, who present with symptoms
and poor clinical outcome. Radiologically, apical
caps do not involve the pleura circumferentially
like PPFE. Histologically, apical caps consist of
dense collagenous fibrosis and are often associated
with pleural plaques, extensive alveolar collapse,
and smoking-related damage of the adjacent
parenchyma, which are not typically present in
PPFE [2-4].

Finally, an upper lobe pulmonary fibrosis,
radiologically consistent with PPFE but limited
to unilateral lung, has been observed as an iatro-
genic reaction in patients with a history of thora-
cotomy for resecting lung or esophageal cancers.
In these cases the lesions are limited to the oper-
ated side [14].

15.1.3 Role of Cryobiopsy
in the Diagnosis of PPFE

The pathologic diagnostic criteria of PPFE on
cryobiopsy are the same as those on surgical lung
biopsies: “Definite PPFE” is assigned when there
are upper zone pleural fibrosis with subjacent
intra-alveolar fibrosis accompanied by alveolar
septal elastosis and sparing of the parenchyma
distant from the pleura, at most mild patchy lym-
phoplasmacytic infiltrates and at most small
numbers of fibroblastic foci; “Consistent with
PPFE” is considered when intra-alveolar fibro-
elastosis is present, but it is not (1) associated
with significant pleural fibrosis, (2) not predomi-
nantly beneath the pleura, or (3) not in an upper
lobe biopsy; and “Inconsistent with PPFE” is the
definition for cases lacking the requisite features
above described [3].

Due to the transbronchial method of sampling,
the pleura is included in cryobiopsies in about a
third of cases; as a consequence the multidisci-
plinary discussion team including pulmonolo-
gists, radiologists, and pathologists with careful
revision of imaging findings and knowledge of
the clinical background of the patient (drug reac-
tion, infection, inhalation exposures, lung/bone
marrow transplantation, etc.) is always necessary
to reach the proper diagnosis of PPFE [2-4].
However, the morphologic evidence of a promi-
nent interstitial and/or intra-alveolar fibroelasto-
sis in a cryobiopsy of symptomatic patient with a
predominant upper lobe disease at imaging could
be highly suggestive of PPFE.

15.2 Case Presentation

¢ Clinical Background
55-year-old female

— Non-smoker

— Family history: no family history of ILD

— Past medical history: Hashimoto thyroid-
itis on therapy with L-thyroxine; negative
for prior chemotherapy or transplant

¢ Onset of Symptoms

— Exertional dyspnea for a year and half

— Cough, fever, weight loss, and fatigue for
6 months

¢ Laboratory Findings

— Laboratory findings: unremarkable

— Autoimmune status: negative

— Quantiferon: negative

¢ Pulmonary Function Test
— Slight reduction of DLCO
e Imaging (Figs. 15.1 and 15.2)

— High-resolution computed tomography
(HRCT) showed pleural and subpleural
irregular fibrosis with traction bronchiecta-
sis and tiny subpleural cysts in the apices
and middle zones of both lungs.

e Bronchoscopy with Cryobiopsy (Figs. 15.3,
15.4, 15.5, and 15.6)

— Cryobiopsies of the right upper lobe were
obtained: two fragments of tissue 7.5 and
6.9 mm in maximum diameter, respectively
(Fig. 15.3).
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Fig. 15.1 HRCT of upper lung lobes evidenced pleural
and subpleural thickening, fibrotic changes in the mar-
ginal parenchyma, traction bronchiectasis, architectural
distortion, and fine subpleural cyst

Fig. 15.2 A sharp demarcation between the affected and
the normal lung was appreciated as well as an apical-
caudal gradient

— The biopsies showed a subpleural and bron-
chiolocentric fibroelastotic process charac-
terized by interstitial fibroelastosis with
focal/mild inflammatory infiltrate (Fig. 15.4).
Abrupt transition to the normal parenchyma
was present, and scattered fibroblastic foci
were also appreciated (Fig. 15.5).

— Histochemistry with Elastic van Gieson
staining evidenced the prominent network
of elastic fibers (Fig. 15.6).

¢ Diagnosis
— Idiopathic pleuroparenchymal fibroelastosis.

Fig. 15.3 Low-power view of the two cryobiopsies of
7.5 and 6.9 mm of maximum diameter. The sharp demar-
cation between the affected and the normal lung paren-
chyma was appreciable also at low-power

P e W

7° 4R

Fig. 15.4 Prominent septal fibroelastosis. Haphazardly
arranged elastic fibers were detected at hematoxylin and
eosin stains as short, curled, intensely eosinophilic frag-
ments within a loose edematous fibroelastotic intersti-
tium. A mild and patchy lymphoplasmacytic infiltrate
coexisted

15.3 Discussion

It has been recently showed that transbronchial
cryobiopsy may be a valid method to obtain a his-
topathologic diagnosis in patients with suspected
idiopathic PPFE and even airway-centered FE
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Fig. 15.5 The parenchyma adjacent to the fibroelastotic
area was unremarkable, and a small fibroblastic focus was
visible

Fig. 15.6 Histochemistry with elastic stain showed short,
curled, and randomly oriented elastic fibers within alveo-
lar septa

and that it can be obtained with an acceptable
complication rate. In fact, no bleeding (mild,
moderate, or severe) was observed, and pneumo-
thorax was documented in three out of eight
cases, none of them requiring drainage or lasting
more than 3 days. No death, acute lung injury,
persistent fever, prolonged air leak, pneumonia/
empyema, or other adverse events occurred after
the procedure in any of the cases [15]. The criti-
cal point, mainly in cases of idiopathic PPFE, is
to stay very peripheral with the probe (around
1 cm from the pleura) in order to retrieve tissue
containing pleural-subpleural structures. The use
of smaller cryoprobes (1.9 instead of 2.4) is

recommended to reach the upper portion of the
lungs mainly in smaller subjects or in patients
with bronchial malacia.
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