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Abstract:

We herein report a rare case of pulmonary sarcoidosis leading to chronic respiratory failure with restrictive
ventilatory impairment during a 53-year-long observation period. Nine years after the histological diagnosis
of stage I sarcoidosis on chest X-ray in a woman in her 20s, she developed bilateral reticular and granular
opacities on chest computed tomography and was started on prednisone for 18 years. Seven years after pred-
nisone withdrawal, these persisting opacities around the bronchovascular bundle, including a central-
peripheral band, had progressed, forming traction bronchiectasis clusters and peripheral cysts, some of which

developed continuously at the distal side of these clusters, with eventual upper lobe shrinkage.
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Introduction

Sarcoidosis is a granulomatous disease that causes various
lesions in organs throughout the body. Respiratory involve-
ment, characterized by bilateral hilar-mediastinal lymphade-
nopathy (BHL) and granular/nodular shadows along the
lymphatic vessels, especially in the upper lung zones, is
found in most patients with sarcoidosis.

Most such patients enter remission and have good long-
term outcomes, but patients with advanced, active organ le-
sions comprise about 20% of cases, and cardiac lesions,
central nervous system lesions, and pulmonary fibrosis are
the three major causes of death associated with sarcoidosis.
However, the mechanisms underlying the distortion of the
lung architecture resulting in chronic respiratory failure are
still unknown, and further studies on the morphology of se-

vere fibrotic pulmonary sarcoidosis need to be con-
ducted (1-3).

To understand the correlation between the findings and
disease prognosis and to determine the proper indications
for anti-fibrosis treatment, such as nintedanib (4), there is an
urgent need for the computed tomography (CT) findings of
fibrotic pulmonary sarcoidosis to be clarified. A clinical trial
in patients with progressive fibrosing interstitial lung dis-
eases with not only the usual interstitial pneumonia pattern
but also other fibrotic patterns has demonstrated the efficacy
of this treatment (4).

In a previous study (5), we extracted 10 consecutive pa-
tients who required oxygen therapy for chronic respiratory
failure from among more than 2,500 pulmonary sarcoidosis
inpatients/outpatients treated at our 3 hospitals between
2000 and 2018 and analyzed their CT images. We described

the areas of consolidations around the bronchovascular bun-
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Figure 1.

(a) Chest X-ray in December 1964 showing stage I sarcoidosis (bilateral hilar lymphade-

nopathy only) on chest X-ray staging. (b) Chest X-ray in December 1973 showing reticular and gran-

ular opacities in both lungs.

Figure 2.

(a) Chest X-ray in October 1991 after 18 years of prednisone use showing the improve-

ment of reticular and granular opacities. (b) CT still shows persistent opacities around the broncho-
vascular bundle, comprising a central-peripheral band.

dle that progressed towards the mediastinum and the pleura
as a central-peripheral band (5) that likely reflects the lym-
phatic flow through which inhaled antigen-laden antigen-
presenting cells move. Findings possibly associated with the
progression of fibrosis and respiratory failure were shown to
be consolidations comprising a central-peripheral band, trac-

tion bronchiectasis clusters that distorted the airways secon-
dary to mechanical traction on the bronchi from fibrosis of
the surrounding lung parenchyma, peripheral cysts, and
eventual upper lobe shrinkage.

We herein report a rare case of fibrotic pulmonary sarcoi-
dosis that led to chronic respiratory failure during disease
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Figure 3. After 18 years of prednisone use, (a) chest X-ray and (b) CT in August 1998 at 7 years
after prednisone withdrawal, showing progression of the opacities around the bronchovascular bun-

dle, which resulted in mild central and peripheral traction bronchiectasis.

progression over a period of 53 years. This case was in-
cluded in the abovementioned study (5) and is considered to
show morphological changes as fibrotic pulmonary sarcoido-
sis progression based on the crucial involvement of the
central-peripheral band and traction bronchiectasis clusters.

Case Report

A 21-year-old woman visited the respiratory center of a
regional hospital in December 1964 for uveitis and BHL de-
tected on a physical examination. She was a nonsmoker di-
agnosed with sarcoidosis on detection of noncaseating epi-
thelioid granulomas at a scalene lymph node biopsy. Thus,
the definitive diagnosis was sarcoidosis classified as stage I
(bilateral hilar lymphadenopathy only) on chest X-ray
(Fig. 1a). In December 1973, reticular and granular opacities
appeared in both lungs (Fig. 1b), and she was started on
prednisone 30 mg daily.

In 1987, the dose of prednisone was gradually tapered to
5 mg daily. Chest X-ray in October 1991 showed improve-
ment of reticular and granular opacities (Fig. 2a). CT still
showed persisting opacities around the bronchovascular bun-
dle, comprising a central-peripheral band (Fig. 2b). Predni-
sone was stopped at her request, and she continued to visit
the hospital periodically as an outpatient with almost no

symptoms. In February 1996, her pulmonary function test
results showed the following: vital capacity (VC), 1.93 L (%
VC 76.9%); forced expiratory volume 1 (FEV1), 1.47 L;
FEV1% (G) 76.6%; and diffusing capacity of the lungs for
carbon monoxide (DLco), 14.2 mL/min/mmHg (%DLco
88.2%).

Seven years after withdrawal of prednisone, chest X-ray
(Fig. 3a) and CT (Fig. 3b) in August 1998 showed that the
opacities around the bronchovascular bundle had progressed,
which resulted in mild central and peripheral traction bron-
chiectasis. Moderate calcification of the hilar mediastinal
lymphadenopathy was also observed. Restrictive ventilatory
impairment developed, and in March 2002, her pulmonary
function test results were VC 1.69 L (%VC 70.1%), FEV1
1.28 L, FEV1% (G) 79.0%, and DLco 14.2 mL/min/mmHg
(%DLco 94.0%). In June 2005, the results were VC 1.59 L
(%VC 67.1%), FEV1 1.21 L, FEV1% (G) 76.6%, and DLco
14.5 mL/min/mmHg (%DLco 98.2%).

In June 2007, erythromycin was started for bronchiectasis,
but chest X-ray (Fig. 4a) and CT (Fig. 4b) in April 2009 re-
vealed central and peripheral traction bronchiectasis clusters
and peripheral consolidation right under the pleura that had
progressed markedly, with eventual upper lobe shrinkage.

From March 2011, she sometimes noticed bloody sputum
from the bronchiectasis. In February 2014, home oxygen
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Figure 4.

(a) Chest X-ray and (b) CT in April 2009 showing central and peripheral traction bron-

chiectasis clusters and peripheral consolidation right under the pleura that progressed markedly with

eventual upper lobe shrinkage.

therapy was started. Chest X-ray (Fig. 5a) and CT (Fig. 5b)
in May 2017 showed severe central and peripheral traction
bronchiectasis clusters, which had increased in size com-
pared with those seen on CT in April 2009. Some cysts
were found to have developed continuously at the distal side
of the peripheral traction bronchiectasis (Fig. 5c). Severe
calcification of hilar mediastinal lymphadenopathy was also
detected.

Restrictive ventilatory impairment further developed, and
in May 2017, the pulmonary function test results were as
follows: VC 0.90 L (%VC 40.0%), and FEV1 0.66 L, FEV
1% (G) 79.6%. Her respiratory failure worsened, and in
September 2017, 53 years after the diagnosis, she died. Nei-
ther pulmonary hypertension nor chronic progressive pulmo-
nary aspergillosis had been detected during the chronic
course of fibrosis development.

Discussion

This report describes a rare case of pulmonary sarcoidosis
that led to chronic respiratory failure with restrictive ventila-
tory impairment over a long observation period of 53 years.
This case is considered to demonstrate typical morphologi-
cal changes as the fibrotic progression of pulmonary sarcoi-
dosis (5) based on the following two observations: first, con-

solidations comprising a central-peripheral band, traction
bronchiectasis clusters, and peripheral cysts progressed to-
gether with eventual upper lobe shrinkage; second, periph-
eral cysts formed at the distal edge of traction bronchiecta-
sis, which developed along the central-peripheral band.

In sarcoidosis, the inhaled causative agent is believed to
act as an antigen of granuloma and travel in the lymphatic
vessels. Pulmonary lymph is known to flow toward the hi-
lum in the direction of the pulmonary artery and vein and
the bronchi as well as around the pleura, flowing directly
into the mediastinal lymph nodes from the visceral pleura to
the mediastinal pleura (6). Given that sarcoidosis is rela-
tively rare and that decades of observation are necessary be-
fore pulmonary fibrosis develops, finding many patients with
this condition is difficult, which is regarded as the main rea-
son why fibrotic pulmonary sarcoidosis has not been well
investigated.

When considering the first observation, consolidations
comprising central-peripheral band and traction bronchiecta-
sis clusters seem to play crucial roles in the mechanism of
upper lobe shrinkage. Indeed, a pathological study of 66
autopsy cases (7) showed that bronchovascular bundle fibro-
sis was frequently observed (58%) and was accompanied by
peribronchial atelectasis. In the abovementioned study (5),
traction bronchiectasis arose from granular/nodular opacities
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Figure 5.

and consolidations around the bronchovascular bundles,
comprising a central-peripheral band. Clustering of traction
bronchiectasis at the distal side formed a honeycomb lung-
like structures in some patients (8). Until recently, obstruc-
tive ventilatory impairment rather than restrictive ventilatory
impairment had been of interest in pulmonary sarcoidosis;
however, the present case, as well as other cases included in
the abovementioned study (5), showed progression of re-
strictive ventilatory impairment as fibrosis progressed. Nei-
ther pulmonary hypertension nor chronic progressive pulmo-
nary aspergillosis, which are frequently observed in fibrotic
pulmonary sarcoidosis, were detected in this case. In future
studies, it will be important to investigate each CT finding
in relation to each type of pulmonary dysfunction.

The steroids administered during the course seemed to
have had some sort of effect on the present case in sup-
pressing the amplified and persistent granulomatous reac-
tion; however, after the withdrawal of the steroids, these
opacities progressed, which resulted in traction bronchiecta-
sis. The number of reports on Cutibacterium acnes (for-
merly Propionibacterium acnes)-associated sarcoidosis has
increased, particularly in Japan, where cases are detected us-
ing immunohistochemistry with a specific monoclonal anti-
body against its lipoteichoic acid (PAB antibody) (9). Ster-
oids may reactivate such antigenic intracellular bacteria en-
dogenously, which might eventually result in progression of
the disease.

(a) Chest X-ray and (b) CT in May 2017 showing severe central and peripheral traction
bronchiectasis clusters, which had increased in size compared with the findings observed on CT in
April 2009. (c) Some cysts had developed continuously at the distal side of peripheral traction bron-
chiectasis.

Regarding the second observation, the mechanisms under-
lying how peripheral cysts form after the disappearance of
granular/nodular opacities and consolidations around the
bronchovascular bundles may include stenosis of the bronchi
with granulomatous involvement and peribronchial fibrosis,
and a further check-valve mechanism of bronchiolar involve-
ment of granulomata and fibrosis (7). This notion is sup-
ported by the fact that a decrease in the size of the enlarged
cysts over time is sometimes observed in fibrotic pulmonary
sarcoidosis (5), as was seen in this case. Furthermore, pul-
monary sarcoidosis cases have been detected with multiple
severe cysts occupying more than half of the total lung vol-
ume (5), suggesting the possibility of other factors. An ex-
perimental study with mice showed that an impaired lym-
phatic flow resulted in hypoxia and features of emphysema-
like lung injury in association with pulmonary inflammatory
state characterized by tertiary lymphoid organ forma-
tion (10).

In summary, opacities comprising a central-peripheral
band, traction bronchiectasis clusters, and peripheral cysts
together with eventual upper lobe shrinkage led to chronic
respiratory failure with restrictive ventilatory impairment
over an observation period of 53 years. The CT findings
need to be analyzed further for a proper understanding of
the pathology and correlation with the prognosis and to clar-
ify indications for anti-fibrosis treatment.
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