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Autopsy analyses in acute exacerbation of
idiopathic pulmonary fibrosis

Keishi Oda', Hiroshi Ishimoto', Sohsuke Yamada?, HisakoAKush‘:mag, Hiroshi Ishii*, Tomotoshi Imanaga®,
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Abstract

Background: Acute exacerbation of idiopathic pulmonary fibrosis (AE-IPF) is associated with high mortality.
However, few studies have so far reviewed analyses of autopsy findings in patients with AE-[PF.

Methods: We retrospectively reviewed 52 consecutive patients with AE-IPF who underwent autopsies at five
university hospitals and one municipal hospital between 1999 and 2013. The following variables were abstracted
from the medical records: demographic and dlinical data, autopsy findings and complications during the clinical
course until death.

Results: The median age at autopsy was 71 years (range 47-86 years), and the subjects included 38 (73.1%) males.
High-dose corticosteroid therapy was initiated in 45 (86.5%) patients after AE-IPF. The underling fibrotic lesion was
classified as having the usual interstitial pneumonia (UIP) pattern in all cases. Furthermore, 41 (78.8%) patients had
diffuse alveolar damage (DAD), 15 (28.8%) exhibited pulmonary hemorrhage, nine (17.3%) developed pulmonary
thromboembolism and six (11.5%) were diagnosed with lung carcinoma. In addition, six (11.5%) patients developed
pneumothorax prior to death and 26 (53.1%) developed diabetes that required insulin treatment after the
administration of high-dose corticosteroid therapy. In addition, 15 (28.8%) patients presented with bronchopneumonia
during their clinical course and/or until death, including fungal (seven, 13.5%), cytomegatovirus (six, 11.5%) and bacterial

{five, 9.6%) infections.

Conclusions: The pathological findings in patients with AE-IPF represent not only DAD, but also a variety of
pathological conditions. Therefore, making a diagnosis of AE-IPF is often difficult, and the use of cautious
diagnostic approaches is required for appropriate treatment.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, progres-
sive, fibrosing form of interstitial pneumonia with a me-
dian survival after diagnosis of three to five years [1-4].
Acute exacerbation of IPF (AE-IPF} has an extremely
poor prognosis and is believed to occur in 5-10% of pa-
tients with IPF annually [5,6]. In 1993, AE-IPF was first
described in a case report by Kondoh et al. as acute clin-
ical deterioration in three IPF patients in the absence of
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an identified infection [7]. The American Thoracic Society
and European Respiratory Society subsequently introduced
the notion of AE-IPF in 2002 [8], and Collard and col-
leagues focused on establishing a worldwide consensus for
AE-IPF in 2007 {9]. This consensus statement is currently
the most widely used definition of AE-IPF, having been
used in several clinical studies and being referred to in the
2011 IPF guidelines {10].

Lung tissue derived from patients with IPF shows a
characteristic histopathological pattern known as usual
interstitial pneumonia (UIP), which includes the pres-
ence of fibroblastic foci. The pathological findings of
AE-IPF comprise diffuse alveolar damage (DAD) super-
imposed on underlying UIP; this is the most commonly
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described finding on surgical lung biopsies [9,11,12]. On
the other hand, several studies have reported the detec-
tion of organizing pneumonia (OP) without evidence of
organizing DAD or extensive fibroblastic foci [13,14]. In
addition, although previous reports have focused on the
postmortem pathological findings of patients with IPF
[15,16], no studies have focused on the characteristics of
“acute exacerbation”, and the pathological findings and
clinical manifestations of AE-IPF remain only partially
understood.

The current study is a retrospective review of an aut-
opsy series designed to describe and evaluate the patho-
logical findings, including concomitant and infectious
diseases, observed during the clinical course until death
in patients with AE-IPF.

Methods

Patients

A total of 52 patients with AE-IPF who underwent aut-
opsies at five university hospitals and one municipal
hospital between January 1, 1999 and December 31,
2013 were identified based on medical records. The
Ethics Committee of University of Occupational and
Environmental Health in Kitakyushu, Japan approved
this study (approval number H26-12, April 3, 2014),
with a waiver for informed consent due to the retro-
spective study design. AE-IPF was defined according to
a previous report [9] and included the following items:
[1] a previous or concurrent diagnosis of idiopathic
pulmonary fibrosis; [2] unexplained worsening or new
development of dyspnea within 30 days; [3] high-
resolution computed tomography (HRCT) findings
showing new sites of bilateral ground-glass opacity;
[4] abnormalities and/or consolidation superimposed
on a background of a reticular or honeycomb pattern
consistent with the UIP pattern; [5] no evidence of
pulmonary infection on an endotracheal aspirate or
bronchoalveolar lavage (BAL) sample and [6] the ex-
clusion of left heart failure, pulmonary embolism and
other identifiable causes of acute lung injury. Regard-
ing infectious causes in the current study, we carefully
excluded possible infections based on the findings of a
sputum examination, laboratory tests and physical ex-
aminations, although we did not perform endotracheal
aspiration or BAL in all cases due to the presence of
severe hypoxemia. In addition, we attempted to rule
out pulmonary embolism as far as possible using
enhanced computed tomography. The following var-
iables were abstracted from the medical records:
demographic data (age, sex, smoking history, symp-
toms, comorbidities and prior treatment for IPF),
clinical data (hospitalization before death, laboratory
results and HRCT findings) and the autopsy findings,
including infectious causes.
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Autopsy findings in the patients with AE-IPF

All autopsied lung materials were fixed in 10% formalin
for more than seven days. At least one tissue block was
prepared from the gross AE-IPF lesions in each lobe, and
the tissue blocks were embedded in paraffin. Sections
(4 pm thick) were cut and stained with hematoxylin and
eosin (H&E) using standard procedures. The pathological
diagnosis of UIP was made according to the current
guidelines [10]. The criteria for DAD were the presence
of hyaline membranes in addition to at least one of the
following findings: alveolar type I cell or endothelial cell
necrosis, edema, organizing interstitial fibrosis or prom-
inent alveolar type 1l cell proliferation [15]. We also per-
formed phosphotungstic acid hematoxylin staining for
fibrin in patients without a hyaline membrane on H&E
staining. OP was pathologically defined as the presence
of buds of granulation tissue in the distal air spaces pro-
gressing from fibrin exudates to loose collagen-containing
fibroblasts [16]. Alveolar hemorrhage was diagnosed in
cases involving acute hemorrhage in the alveoli and airways
as well as the presence of macrophages (ie., siderophages)
that stained positively for hemosiderin with Berlin-blue
stain. Right ventricular hypertrophy was defined as a right
ventricular free wall thickness of = 5 mm [17].

Screening for infectious diseases in the autopsied lungs
Four-micrometer-thick sections were cut from the lung
tissue blocks and stained with H&E for the histopatho-
logical examinations in addition to Periodic acid-Schiff
(PAS) stain, Grocott's methenamine silver stain and
Gram stain to identify any infectious pathogens in the
presence of bronchopneumonia. Bronchopneumonia
(ie., concomitant infection) was conclusively diagnosed
based on histopathological evidence, such as neutrophil
infiltration, fibrinopurulent exudate accumulation or
abscess formation in the broncho-bronchioloalveolar
space. For immunohistochemical detection of cyto-
megalovirus (CMV) antigens, the sections were incu-
bated with a mouse monoclonal anti-CMV antibody
(DAKO, Glostrup, Denmark; diluted 1:20) for 30 mi-
nutes. Secondary antibody peroxidase-linked polymers
were then applied, and the sections were incubated with a
solution consisting of 20 mg of 3.3’-diaminobenzidine tet-
rahvdrochloride, 65 mg of sodium azide and 20 ml of 30%
HyO, in 100 ml of Tris—HCl (50 mM, pH 7.6). After
counterstaining with Meyer’s hematoxylin, the sections
were observed under a light microscope.

Results

Patient characteristics

A total of 52 patients with AE-IPF underwent autopsies
during the study period. The demographics of the patients
are reported in Table 1. All patients had a known diagno-
sis of IPF in addition to either unexplained worsening or



