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Objectives. The purpose of this study was to retrospectively assess cystic changes in findings on follow-up CT scans of patients with
fibrotic nonspecific interstitial pneumonia (NSIP). Methods. The initial and last high-resolution CT scans of 58 patients with
pathologically proven fibrotic NSIP were evaluated retrospectively. The median follow-up periods were 48 months (range,
12-183 months). The pattern, extent, and distribution of abnormal CT findings were compared with findings in the same region
on previous and subsequent CT scans with a focus on cystic lesions. Results. Cystic lesions in a cluster were shown in 16 patients
(28%) with fibrotic NSIP on the last CT'scans. Focal clustered cysts were found in 5 cases and diffuse clustered cysts were seen in 11
cases. Focal clustered cysts mimicked honeycombing seen in usual interstitial pneumonia (UIP). Diffuse cysts were uniform in size
in 7 of the 11 cases. Traction bronchiectasis in a cluster was seen in 3 of the 7 cases. The clustered cystic changes on CT during the
course of NSIP mainly consisted of traction bronchiectasis and bronchiolectasis. Conclusions. Long-standing NSIP did not form

honeycombing. The clustered cysts in patients with fibrotic NSIP were mainly remodeling of bronchiectasis.

1. Introduction

Nonspecific interstitial pneumonia (NSIP) represents one
histologic subtype of idiopathic interstitial pneumonia. The
high-resolution computed tomography (HRCT) feature of
NSIP includes ground-glass opacity, reticulation, traction
bronchiectasis, subpleural sparing, and no or minimal hon-
eycombing [1-5]. The key HRCT features that favor the di-
agnosis of NSIP over usual interstitial pneumonia (UIP) are
ground-glass opacity with overall extent being greater than
the extent of reticulation, homogeneous lung involvement,
subpleural sparing, upper lung irregular lines, and minimal
honeycombing [4, 5]. Proximal bronchiectasis, in contrast to
distal bronchiectasis, is also a sign of NSIP. The American
Thoracic Society/European Respiratory Society/Japanese
Respiratory Society/Latin American Thoracic Association

guidelines require honeycombing for a specific CT diagnosis
of UIP [6, 7]. Honeycombing without traction bronchiectasis
can be a specific sign of UIP pattern. Distinction between
NSIP and UIP is important because they are different in
prognosis and treatment.

The follow-up CT of patients with NSIP is variable.
Some improve with treatment, whereas others develop
findings consistent with progressive fibrosis [8, 9]. Silva
et al. [4] described that at follow-up, CT patients with
initial CT findings compatible with NSIP progressed to
findings compatible with idiopathic pulmonary fibrosis
(IPF). However, whether NSIP progresses to UIP or not is
unclear. The purpose of our study was to retrospectively
assess the changes in findings on long-term follow-up CT
scans of patients with fibrotic NSIP with a focus on cystic
lesions.
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2. Materials and Methods

The initial and last thin-section CT scans of 58 patients with
pathologically proven fibrotic NSIP were evaluated retro-
spectively. Patient selection was done by reviewing the
medical records of all patients who had received a histologic
diagnosis of NSIP on the basis of surgical lung biopsy between
2002 and 2018 in our hospital. They all were idiopathic.
Patients with a defined connective tissue disease (CTD) or
a known cause of interstitial lung disease (e.g., hypersensi-
tivity pneumonitis and drug-induced lung disease) were
excluded. Patients who revealed established CTD during the
follow-up were excluded in this study. Among these patients,
patients who underwent serial high-resolution CT (HRCT)
examinations during a follow-up period of more than one
year were included in this study. In all patients, the histologic
diagnoses of fibrotic NSIP were made by consensus agree-
ment between at least two pathologists, by using the com-
bined American Thoracic Society and European Respiratory
Society Consensus Classification criteria [6]. Organizing
pneumonia (OP) and fibrotic OP were excluded.

Only those patients with a final clinical diagnosis of
idiopathic fibrotic NSIP were included. The study sample
consisted of 31 men and 27 women, with a mean age of
57 years (range, 37-80yr). The interval between the initial
and follow-up CT scans ranged from 12 - 183 months
(median, 48 months) in the patients. Approval for this study
was obtained from the Institutional Clinical Research Ethical
Board. The Institutional Clinical Research Ethical Board
waived the need of informed consent. All methods were
carried out in accordance with relevant guidelines and
regulations (Declaration of Helsinki).

The treatments were started after surgical lung biopsy.
Eleven patients received prednisone alone, nine patients
received prednisone and cyclosporine A, 10 patients re-
ceived prednisone and azathioprine, 16 patients received
prednisone and cyclophosphamide, and 12 patients received
prednisone, azathioprine, and cyclophosphamide.

2.1. CT Assessment. The HRCT examinations were per-
formed with 1-mm or 1.5-mm collimation at 10-mm in-
tervals from the apex of the lung to the diaphragm. The scans
were obtained with the patient in the supine position at full
inspiration and were reconstructed using a high-spatial-
frequency algorithm. The HRCT scans (initial and follow-
up) were randomized and reviewed by two independent
thoracic radiologists, and the findings were agreed upon by
consensus. The CT findings were interpreted on the basis of
the recommendations of the nomenclature committee of the
Fleischner Society [10]. Honeycombing is defined as clus-
tered cysts suggesting dilatation of peripheral airspace due to
surrounded fibrosis. The observers evaluated the overall
extent of parenchymal abnormalities and the extents of
ground-glass opacity, consolidation, reticulation, and hon-
eycombing that were present in both lungs to determine the
percentage of lung parenchyma occupied by the disease. The
lungs were divided into six zones and each zone was eval-
uated separately. The six areas of the lung included the upper
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TaBLE 1: Baseline clinical and demographic features of patients.

Age, yr 57+2.3
Male/female 31/27
Smoking, current/ex/never 10/20/28
Duration of symptoms, mo, median (range) 2.3 (0-48)
Pulmonary function
FVC, % predicted 745+ 16.9
Dy.,» % predicted 58.5+18.4
PaO,, mmHg 72.4+11.3

D, = diffusion capacity of carbon monoxide; ex = ex-smoker.

zones, above the level of the carina; the middle zones, be-
tween the level of the carina and the level of the inferior
pulmonary veins; and the lower zones, under the level of the
inferior pulmonary veins. The score was based on the
percentage of the lung parenchyma that showed evidence of
the abnormality and was estimated to the nearest 10% of
parenchymal involvement. The overall percentage of lung
involvement was calculated by averaging the six lung zones.
The extent of traction bronchiectasis was evaluated by
counting the number of segments that showed evidence of
traction bronchiectasis. Ten segments in the right lung and 9
segments in the left lung were evaluated. The traction
bronchiectasis score was recorded as 0 to maximum 19 [11].
In addition, the pattern, extent, and distribution of abnormal
CT findings were compared with findings in the same region
on previous and subsequent CT scans.

All statistical analyses were performed using SPSS sta-
tistical software (version 12.0], 2003; SPSS, Inc., Chicago,
IL). Group comparisons were made by using a paired t-test,
or x* statistic. A p value of less than 0.05 was considered to
indicate statistical significance.

3. Results

Clinical and demographic features at the initial CT scan are
shown in Table 1. The parenchymal abnormalities on the
initial and last CT scans of patients with NSIP are presented
in Table 2. Overall extents of parenchymal abnormalities
were 16.4 +10.5% on the initial CT and 20.4 +23.1% on the
last CT in fibrotic NSIP (p = 0.288).

The last CT showed clustered cysts in 16 (28%) patients in
fibrotic NSIP. In these 16 cases, the median follow-up periods
were 42 months (range, 26-112 months). Focal clustered cysts
were found in 5 cases and diffuse clustered cysts were seen in
11 cases. Focal clustered cysts mimicked honeycombing seen
in UIP which is subpleural. They were found in the right
middle portion of the lung in 1 case, in the left middle portion
of the lung in 2 cases, and in the unilateral basal lung in 2
cases. Diffuse cysts were uniform in size in 7 cases and traction
bronchiectasis in a cluster was seen in 3 of the 7 cases. Diftuse
cystic lesions in a cluster in fibrotic NSIP were classified into
four patterns: fine cystic lesions suggesting traction bron-
chiolectasis (n=4) (Figure 1), traction bronchiectasis in
a cluster (n=3) (Figure 2), traction bronchiectasis and
bronchiolectasis and large cysts (n=2) (Figure 3), and trac-
tion bronchiectasis and reticulation with low attenuation
(n=2) (Figure 4). They consisted of traction bronchiectasis
and bronchiolectasis. Very few small cysts in NSIP
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TaBLE 2: Computed tomography findings in initial and last scans in patients with fibrotic NSIP (n = 58).
CT findings Initial CT scan Last CT scan p value
Overall extent* 16.4+£10.5 20.4+23.1 0.288
GGO extent* 11.9+8.5 12.7+17.7 0.777
Reticulation extent* 7.0+£6.9 10.2+10.7 0.090
Traction bronchiectasis score" 44+39 7.2+51 0.001
Consolidation* 23+35 04+12 0.001
Clustered cysts or honeycombing* 3 (5) 6 (28) 0.018
Clustered cysts or honeycombing extent* 01+0.5 2.0+5.3 0.024

*Data are mean percentage of lung parenchyma + standard deviation. "Data are mean score + standard deviation. *Data are numbers of patients, with

percentages in parentheses.

-

FiGure 1: Sequential HRCT scans in a 62-year-old man with fibrotic NSIP. (a) Initial CT scan shows irregular consolidation with traction
bronchiectasis and bronchiolectasis (arrows). (b) Follow-up scan obtained 54 months later shows more traction bronchiolectasis and fine cystic
lesions. Pathologic examinations showed not organizing pneumonia but airspaces-filling mucinous exudates. Consolidation was thought to be
formed by prominent thickening of alveolar septa by collagen, volume loss of airspaces, and airspaces-filling mucinous exudate.

protuberate toward the extrapulmonary region, whereas cysts
in UIP often protuberate toward the side of the extrap-
ulmonary region.

4. Discussion

In our study, cystic lesions in a cluster were shown in 28%
with fibrotic NSIP on the last CT scans. Silva et al. [4]
suggested that there were two separate NSIP subgroups, with
one subgroup representing NSIP progressing to a pattern
that resembles IPF and one subgroup that maintains the
overall features of NSIP even with progression of fibrosis.
She described that 28% of patients with initial CT findings
suggest NSIP progressed to findings suggestive of IPF at
follow-up CT [4]. Lasti et al. [12] reported that a minority of
NSIP patients exhibited early deterioration despite treat-
ment, and this was predictive of an IPF-like course to a fatal
outcome. Another study shows that in NSIP, patients
compatible with UIP on the initial thin-section CT diagnosis
had a worse prognosis [8]. Some authors [13, 14] described
that in patients with IPF, the pattern of abnormality char-
acteristic of NSIP was found on initial CT.

Honeycombing is defined as clustered cysts suggesting
dilatation of peripheral airspace due to surrounded fibrosis [15].
Honeycombing consists not only of dilatation of peripheral
airspaces but also of dilatation of bronchioles [16]. In advanced
cases with fibrotic NSIP, numerous bronchiolectasis can occur
and they may be difficult to be distinguished from honey-
combing suggesting dilatation of peripheral airspace due to
surrounded fibrosis. Moreover, in advanced cases with fibrotic
NSIP, there are reticular opacities more than ground-glass
opacities in extent, so the criteria of predominant reticular
opacity more than ground-glass opacity are not used to dis-
criminate UIP from long-standing fibrotic NSIP. Honeycomb
formation is slow and less extensive in fibrotic NSIP than in IPF
[8]. Some cysts in fibrotic NSIP were not honeycomb cysts.
Traction bronchiectasis in a cluster sometimes is a mimicker of
honeycombing. In NSIP, clustered cysts are mainly traction
bronchiolectasis and bronchiectasis. Traction bronchiolectasis
with a connection of a bronchus has a centrilobular location,
whereas traction bronchiolectasis, of which honeycombing
consists in UIP, is seldom connected with a bronchus, as dilated
bronchioles are elongated and distorted [15]. Traction bron-
chiolectasis in NSIP are uniform in size and appear
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FIGURE 2: Sequential HRCT scans in a 58-year-old man with fibrotic NSIP. (a) Initial CT scan shows ground-glass opacity with reticulation
and traction bronchiectasis (arrows). (b) Follow-up scan obtained 36 months later shows that traction bronchiectasis has progressed and

formed clusters (arrows).

FIGUure 3: Sequential HRCT scans in a 74-year-old woman with fibrotic NSIP. (a) Initial CT scan shows traction bronchiectasis and
bronchiolectasis (arrows) and cysts. The subpleural cysts seldom protuberate toward the extrapulmonary region. (b) Follow-up scan
obtained 25 months later shows that many small cysts are collapsed and dense increased opacities have appeared. Traction bronchiectasis
(long arrows) has progressed and some cysts have become larger (arrowheads). There are dense increased opacities in the subpleural region

(short arrows).

homogeneous. This change may reflect the temporal homo-
geneity of NSIP noted pathologically [17]. Also, traction
bronchiectasis in NSIP is less distorted than that in UIP and can
be seen over long distances longitudinally. In my experience,
even small honeycomb cysts in the peripheral portion of the
lung sometimes protuberate toward the side of the

extrapulmonary region (Figure 5), whereas the subpleural cysts
in NSIP seldom protuberate toward the extrapulmonary region.

Our study has several limitations. Our HRCT scans were
not performed in volumetric CT acquisitions. Volumetric
CT acquisitions made more precise assessment of our
findings. Our classification is descriptive and other patterns
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FIGURE 4: Sequential HRCT scans in a 52-year-old woman with fibrotic NSIP. (a) The initial CT scan shows reticular opacities with traction
bronchiectasis. (b) Follow-up scan obtained 40 months later shows coarse reticular opacities with low attenuation areas and traction
bronchiectasis. Most of the polygonal areas are not typical cystic airspaces. Pulmonary vessels can be seen in some polygonal areas. Air space

enlargement may be occurring regularly.

Figure 5: HRCT of honeycombing in UIP. Honeycomb cysts in the peripheral portion of the lung protuberate toward the side of

extrapulmonary region (arrows).

may be found. However, the purpose of our study is not
classification. Focal clustered cysts may not be honey-
combing but bronchiectasis which is subpleural. We en-
rolled patients with NSIP diagnosis, having at least 2
examinations with more than 1 year of interval, so that the
evaluation could be heterogeneous.

5. Conclusions

Less than 30% cases with fibrotic NSIP showed clustered
cysts as the previous reports. The clustered cystic changes on
CT during the course of NSIP mainly consisted of traction
bronchiectasis and bronchiolectasis. In the reviewed sample,



long-standing NSIP does not form honeycombing. The
clustered cysts in patients with fibrotic NSIP are mainly
remodeling of bronchiectasis.
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HRCT: High-resolution computed tomography
UIP:  Usual interstitial pneumonia

IPF:  Idiopathic pulmonary fibrosis.

Data Availability

No underlying data were collected or produced in this study.

Disclosure

Masanori Akira: Present address: Department of Radiology,
Shin-Aikai Katano Hospital, 39-1 Matsuzuka, Katano, Osaka
576-0331, Japan.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] J. Lee, Y. H. Kim, J. Y. Kang, Y. Jegal, and S. Y. Park, “Korean
guidelines for diagnosis and management of interstitial lung
diseases: part 3. idiopathic nonspecific interstitial pneumo-
nia,” Tuberculosis and Respiratory Diseases, vol. 82, no. 4,
pp. 277-284, 2019.

[2] E. A. Belloli, R. Beckford, R. Hadley, and K. R. Flaherty,
“Idiopathic non-specific interstitial pneumonia,” Respirology,
vol. 21, no. 2, pp. 259-268, 2016.

[3] K. R. Flaherty, F. J. Martinez, W. Travis, and J. P. Lynch III,
“Nonspecific interstitial pneumonia (NSIP),” Seminars in
Respiratory and Critical Care Medicine, vol. 22, no. 04,
pp. 423-434, 2001.

[4] C. 1. S. Silva, N. L. Miiller, D. M. Hansell, K. S. Lee,
A. G. Nicholson, and A. U. Wells, “Nonspecific interstitial
pneumonia and idiopathic pulmonary fibrosis: changes in
pattern and distribution of disease over time,” Radiology,
vol. 247, no. 1, pp. 251-259, 2008.

[5] M. Akira, Y. Inoue, M. Kitaichi, S. Yamamoto, T. Arai, and
K. Toyokawa, “Usual interstitial pneumonia and nonspecific
interstitial pneumonia with and without concurrent em-
physema: thin-section CT findings,” Radiology, vol. 251, no. 1,
pp. 271-279, 2009.

[6] W. D. Travis and T. E. King, “American thoracic society/
European respiratory society international multidisciplinary
consensus classification of the idiopathic interstitial pneu-
monias,” American Journal of Respiratory and Critical Care
Medicine, vol. 165, no. 2, pp. 277-304, 2002.

[7] G.Raghu, H.R. Collard, J.J. Egan et al., “An official ATS/ERS/
JRS/ALAT statement: idiopathic pulmonary fibrosis:
evidence-based guidelines for diagnosis and management,”
American Journal of Respiratory and Critical Care Medicine,
vol. 183, no. 6, pp. 788-824, 2011.

[8] M. Akira, Y. Inoue, T. Arai, T. Okuma, and Y. Kawata,
“Long-term follow-up high-resolution CT findings in non-

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

Canadian Respiratory Journal

specific interstitial pneumonia,” Thorax, vol. 66, no. 1,
pp. 61-65, 2011.

O. Nishiyama, Y. Kondoh, H. Taniguchi et al., “Serial high
resolution CT findings in nonspecific interstitial pneumonia/
fibrosis,” Journal of Computer Assisted Tomography, vol. 24,
no. 1, pp. 41-46, 2000.

D. M. Hansell, A. A. Bankier, H. MacMahon, T. C. McLoud,
N. L. Muller, and J. Remy, “Fleischner Society: glossary of
terms for thoracic imaging,” Radiology, vol. 246, no. 3,
pp. 697-722, 2008.

M. Akira and K. Morinaga, “The comparison of high-
resolution computed tomography findings in asbestosis and
idiopathic pulmonary fibrosis,” American Journal of Industrial
Medicine, vol. 59, no. 4, pp. 301-306, 2016.

P. I Latsi, R. M. du Bois, A. G. Nicholson et al., “Fibrotic
idiopathic interstitial pneumonia: the prognostic value of
longitudinal functional trends,” American Journal of Re-
spiratory and Critical Care Medicine, vol. 168, no. 5,
pp. 531-537, 2003.

H. Sumikawa, T. Johkoh, T. V. Colby et al., “Computed to-
mography findings in pathological usual interstitial pneu-
monia: relationship to survival,” American Journal of
Respiratory and Critical Care Medicine, vol. 177, no. 4,
pp. 433-439, 2008.

K. R. Flaherty, E. L. Thwaite, E. A. Kazerooni et al., “Ra-
diological versus histological diagnosis in UIP and NSIP:
survival implications,” Thorax, vol. 58, no. 2, pp. 143-148,
2003.

M. Akira, “Radiographic differentiation of advanced fibro-
cystic lung diseases,” Annals ATS, vol. 14, no. 3, pp. 432-440,
2017.

T. Johkoh, F. Sakai, S. Noma et al., “Honeycombing on CT: its
definition, pathologic correlation, and future direction of its
diagnosis,” European Journal of Radiology, vol. 83, no. 1,
pp. 27-31, 2014.

A. Katzenstein and R. Fiorelli, “Nonspecific interstitial
pneumonia/fibrosis: histologic features and clinical signifi-
cance,” The American Journal of Surgical Pathology, vol. 18,
no. 2, pp. 136-147, 1994.





