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A B S T R A C T   

Rationale: Pleuroparenchymal fibroelastosis (PPFE) is a rare subtype of idiopathic interstitial pneumonias. PPFE 
mostly affects the upper lung zones and is characterized radiologically by pleural and subpleural fibrotic 
thickening with a reticular pattern. There is no established treatment for PPFE but lung transplantation can be 
considered for advanced stage. The gold standard for the diagnosis of PPFE is surgical lung biopsy (SLB) but the 
bronchoscopic transbronchial cryobiopsy (TBCB) is a less invasive alternative. 
Patient concerns: We report here two cases in which the diagnosis of PPFE was established with the help of TBCB. 
Diagnosis and interventions: Bronchoscopy with TBCB was performed under sedation with spontaneous ventilation 
and the help of an uncuffed ET tube. 
Outcomes: Histopathology showed intra-alveolar fibroblastic proliferation with elastosis, which confirmed the 
diagnosis of PPFE. 
Lessons: The current report demonstrates that TBCB can be a useful and safe tool to confirm the diagnosis of 
PPFE. According to our knowledge, this is one of few reports that shows successful diagnosis of PPFE by TBCB.   

1. Introduction 

Pleuroparenchymal fibroelastosis (PPFE) is a rare subtype of idio
pathic interstitial pneumonias, first described by Amitani et al. [1] as a 
fibrosis of the upper lobes and then identified as a novel clinicopatho
logic entity by Frankel et al., who coined the term pleuroparenchymal 
fibroelastosis [2]. In 2013 PPFE was recognized as an entity in the 
American Thoracic Society (ATS)/ERS classification statement on idio
pathic interstitial pneumonia [3]. Until now about 120 cases have been 
reported in the world literature [4]. Its etiology is unknown and seems to 
be unrelated to smoking. While 10–30% of cases are idiopathic, some 
cases are associated with pre- or coexisting conditions like bone marrow 
and lung transplantation, recurrent respiratory tract infections, 
auto-immune disease, alkylating chemotherapy or genetic factors [4–7, 
15]. The differential diagnosis includes diseases like asbestosis, tuber
culosis, sarcoidosis, chronic hypersensitivity pneumonia and 

unclassifiable interstitial pneumonia [4,8]. Common presenting symp
toms are dyspnea on exertion, dry cough and recurrent respiratory tract 
infections [8–10]. Spontaneous pneumothorax and pneumo
mediastinum have been reported [11–13]. The diagnosis of this disease 
is established on the basis of compatible radiologic and histopathologic 
findings. Radiologically, PPFE is characterized by pleural and subpleural 
fibrotic thickening with a reticular pattern, with upper lobe predomi
nance [14]. Histopathology shows an intense elastic fibrosis of the upper 
lobes involving visceral pleura and subpleural parenchyma with 
intra-alveolar involvement [15]. The mean age at time of diagnosis is 50 
years and some reports suggested that females are affected more 
frequently [4,8]. The disease is progressive in 60% of patients with a 
disease-specific mortality of 40% [3]. There is no established treatment 
for PPFE. Immunosuppressive drugs, acetylcysteine and even pirfeni
done have not shown beneficial effects according to previous case re
ports [8,16,17]. Lung transplantation for end stage disease can be 
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considered [4,8]. While the gold standard for the diagnosis of PPFE is 
surgical lung biopsy (SLB), the current report shows that bronchoscopic 
transbronchial cryobiopsy is a less invasive alternative. 

2. Case 1 

A 73-year-old male was referred because of progressive dyspnea. The 
medical history included hypertension and venous thromboembolism of 
the lower extremity and the medication included aspirin, candesartan 
and metoprolol. He complained of progressive dyspnea on exertion and 
non-productive cough. There were no recurrent respiratory infections. 
History taking was not indicative of auto-immune diseases and there was 
no exposure to bird, pets, dust or other particular compounds associated 
with interstitial lung disease. There was no family history of pulmonary 
fibrosis and no known allergies. Physical examination revealed fine 
crackles bilaterally and was otherwise unremarkable. Laboratory 
investigation revealed no evidence of a connective tissue disease or 
vasculitis. Chest radiograph showed sign of reticular opacity in both 
lungs. Pulmonary function testing showed reduced diffusion capacity 
(TLco 6.22 mmol/min/kPa, 60% of predicted) and reduced total lung 
capacity (TLC 77% of the predicted value). Echocardiography showed 
normal ventricular and atrial function and no signs of pulmonary hy
pertension. Cardiopulmonary Exercise Testing showed near-normal 
peak exercise capacity and no significant impairment. High-resolution 
CT (HRCT) of the chest demonstrated subpleural thickening, volume 
loss and architectural distortion predominantly found in both lung 
apices and reticulation in basal region, consistent with PPFE (Fig. 1A, B). 
Transbronchial cryobiopsy was performed under propofol sedation with 
the use of an uncuffed endotracheal tube and a bronchial blocker to 
control bleeding. Three biopsies were obtained from segments 9 and 10 
of the right lower lobe. The procedure was complicated by pneumo
thorax and the patient was treated with a chest drain for three days. The 
pathological specimen demonstrated tissue with interstitial fibro- 
elastosis, consistent with PPFE (Fig. 2A–D). Because there was no in
flammatory infiltration of alveolar septa and interstitium, NSIP was 
ruled out. 

Follow-up with pulmonary function testing and HRCT has not shown 
progression in 40 months. Therefore, no treatment has been initiated. 

3. Case 2 

A 58-year-old engineer was referred for investigation when his 
breathlessness, present for four years, began to limit his capacity for 
physical exertion. He had never smoked, had no symptoms of a con
nective tissue disease (CTD) and gave no history of pertinent exposures 
or familial lung disease. He was taking simvastatin, perindopril and 
metformin, all commenced after the onset of symptoms. 

Investigations revealed no antibodies against an extensive panel of 
CTD antigens, thermophilic moulds, Aspergillus or avian antigens. Lung 

function tests showed ventilatory restriction with moderate to severe 
impairment of gas transfer factor (FVC 2.52L, 57% predicted; spiro
metric ratio 0.84; TLco 39% predicted). Contiguous high-resolution CT 
demonstrated symmetrical pleural and subpleural fibrosis at the pe
riphery of the upper lobes (Fig. 3 A). A larger patch of fibrosis with 
marked traction bronchiectasis was present in the lingula with addi
tional foci of subpleural scarring in both lower lobes (Fig. 3 B). 

Bronchoalveolar lavage from the right middle lobe was notable only 
for trivial (17%) lymphocytosis. An MDT diagnosis of upper zonal PPFE 
and lower zonal unclassifiable ILD was reached. The patient was offered 
either surgical lung biopsy or transbronchial cryobiopsy to increase the 
diagnostic certainty and to guide therapeutic planning particularly with 
respect to anti-fibrotic treatment. 

Transbronchial cryobiopsies comprising two pieces of lung tissue 
from each of the lingula and left lower lobe showed intra-alveolar 
fibroblastic proliferation with elastosis and mild chronic inflammation 
without granulomatous or vascular abnormalities. The biopsies did not 
include pleural tissue. 

A diagnosis of progressive PPFE was concluded and low dose pred
nisolone commenced, initially to good effect. He went skiing three 
months after the biopsy but in the months that followed, he suffered 
recurrent chest infections despite ongoing prophylactic antimicrobials. 
He gradually developed worsening respiratory failure and succumbed 
whilst waiting for a lung transplant assessment. 

4. Discussion 

The diagnosis of PPFE is established by characteristic changes on 
HRCT scan and histopathology. SLB is the gold standard for obtaining 
adequate histological samples in idiopathic interstitial lung disease as 
well as PPFE. However, SLB is an invasive procedure with significant 
comorbidities requiring hospitalization for a few days and carries a risk 
of postoperative complications such as prolonged air leak and pneu
mothorax. The rate of postoperative mortality of SLB ranges between 0% 
and 3,6% [18]. Recently, transbronchial lung cryobiopsy (TBCB) has 
emerged as a less invasive technique [19–21]. This technique allows 
sampling of specific areas in the lung identified on HRCT scan. Under 
fluoroscopic guidance, a cryoprobe is positioned the periphery of the 
lung, approximately 1 cm proximal of the visceral pleura. After 5–7 
seconds of freezing, the lung tissue around it sticks to the probe and can 
be removed and subsequent bleeding is controlled with a bronchial 
balloon blocker [22]. With TBCB, larger tissue samples can be obtained 
compared to transbronchial forceps biopsy (TBLB), which is inadequate 
for diagnosis in most ILD cases. A sample size of 5 mm in diameter is 
suggested as sufficient [19]. 

Ravaglia C et al., published a retrospective review for 447 cases 
comparing TBCB with SLB, 150 cases in the SLB group and 297 cases in 
the TBCB group; In the SLB group, the pathologists identified histo
pathologic criteria sufficient to define a characteristic pattern in 148 

Fig. 1. HRCT images showing diffuse pleural and subpleural thickening with consolidations, architectural distortion and traction bronchiectasis accompanied by 
volume loss in the upper lobes (A), also in the apical segment of lower lobes (B). 
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patients (98.7%); in the TBCB group, a characteristic pattern was ob
tained in 246 cases (82.8%; p ¼ 0.013) with significant decrease in 
number of hospital days and mortality between TBCB and SLB [20]. 

Therefore TBCB might be sensible first diagnostic approach for 
obtaining tissue in interstitial lung disease [19,20]. Recent reports have 
suggested that TBCB might obviate the need for surgical biopsy in most 
cases of interstitial lung disease [19–21]. 

In 2016 Kushima H et al.,. performed TBLB in two patients suspected 
of PPFE in whom SLB was contraindicated and found that the specimens 
in both patients showed aggregates of elastic fibers in the submucosa, 
consistent with PPFE [23]. The authors concluded that the TBLB can be 
helpful in the diagnosis of PPFE, because the anatomical distribution in 
the secondary lobules (in contrast to disease like UIP and NSIP) is not a 
crucial factor in the histopathological diagnosis of PPFE. 

In many reported series, at least a third of patients with PPFE have a 

co-existing ILD away from the upper lobes, most commonly usual 
interstitial pneumonia (UIP) or fibrotic/chronic hypersensitivity pneu
monitis (CHP). Sampling of these areas by transbronchial cryobiopsy 
offers two advantages – obviating the need for surgical biopsy and 
securing pathologic information that could impact crucially on the pa
tient’s management or prognosis. Hemorrhage control can be chal
lenging when obtaining cryobiopsies from the upper lobes because 
bronchial blockers are difficult to position in the upper lobe and can 
dislocate easily. However, these problems can be overcome by tech
niques such as using a biopsy forceps to position an Arndt endobronchial 
blocker by grabbing its guide loop and pushing it well into the target 
segment. At our institutions we have not experienced significant diffi
culties in controlling bleeding after TBCB from upper lobes. 

The current report demonstrates that TBCB can be a useful and safe 
tool to confirm the diagnosis of PPFE. According to our knowledge, this 

Fig. 2. Lung biopsy specimen (H&E stain, �100) 
and ((EvG) stain X100) at low power: 
(A) Demonstrated the peripheral lung parenchyma 
with a transition of extensive elastosis with fibrosis. 
(B) Shows bronchiolus with metaplastic hyperplasia 
of smooth muscle mixed with dense elastosis and 
fibrosis. 
(C) EVG staining demonstrates elastosis and fibrosis. 
(D) EVG staining demonstrates extensive elastosis in 
the submucosa.   

Fig. 3. High-resolution CT showed symmetrical pleural and subpleural fibrosis at the periphery of the upper lobes (A). Also a patch of fibrosis and traction bron
chiectasis in the lingula with additional foci of subpleural scarring in both lower lobes (B). 
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is one of few reports that shows successful diagnosis of PPFE by TBCB, 
with histopathological specimens demonstrating characteristic intersti
tial fibro-elastosis. 

Declaration of competing interest 
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Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.rmcr.2020.101164. 
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