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Objective: We wanted to determine whether the amount and shape of the
anterior mediastinal fat in the patients suffering with usual interstitial pneumonia
(UIP) or nonspecific interstitial pneumonia (NSIP) was different from those of the
normal control group.
Materials and Methods: We selected patients who suffered with UIP (n = 26)
and NSIP (n = 26) who had undergone CT scans. Twenty-six controls were
selected from individuals with normal CT findings and normal pulmonary function
tests. All three groups (n = 78) were individually matched for age and gender. The
amounts of anterior mediastinal fat, and the retrosternal anteroposterior (AP) and
transverse dimensions of the anterior mediastinal fat were compared by one-way
analysis of variance and Bonferroni’s test. The shapes of the anterior mediastinum were compared using the Chi-square test. Exact logistic regression
analysis and polychotomous logistic regression analysis were employed to
assess whether the patients with NSIP or UIP had a tendency to show a convex
shape of their anterior mediastinal fat.
Results: The amount of anterior mediastinal fat was not different among the
three groups (p = 0.175). For the UIP patients, the retrosternal AP dimension of
the anterior mediastinal fat was shorter (p = 0.037) and the transverse dimension
of the anterior mediastinal fat was longer (p = 0.001) than those of the normal
control group. For the NSIP patients, only the transverse dimension was significantly longer than those of the normal control group (p < 0.001). The convex
shape of the anterior mediastinum was predictive of NSIP (OR = 19.7,
, p < 0.001) and UIP (OR = 24.42, CI 4.06
, p < 0.001).
CI 3.32
Conclusion: For UIP patients, the retrosternal AP and transverse dimensions
are different from those of normal individuals, whereas the amounts of anterior
mediastinal fat are similar. UIP and NSIP patients have a tendency to have a
convex shape of their anterior mediastinal fat.

This study is supported by KISTEP, the
Ministry of Science and Technology,
Korea.
Address reprint requests to:
Hyun Ju Lee, MD, Department of
Radiology, Seoul National University
College of Medicine, 28, Yeongeon-dong,
Jongno-gu, Seoul 110-744, Korea
Tel. (822) 2072-1861
Fax. (822) 743-6385
e-mail: rosaceci@radiol.snu.ac.kr

Korean J Radiol 7(3), September 2006

he anterior mediastinum is mainly composed of fat tissue and it is a
dynamic compartment that readily adapts to various pathologic
conditions (1). Changes in the shape of the extrapleural fat and anterior
mediastinum can be seen in localized inflammatory diseases such as tuberculosis and
empyema, and this can also occur as a consequence of chronic fibrotic diseases of the
lung and pleura (2 4). Radiation fibrosis or lobectomy can also cause focal or diffuse
thickening of the mediastinum (4, 5). We have recently observed in our clinical
practice that the mediastinal fat in patients with usual interstitial pneumonia (UIP) or
nonspecific interstitial pneumonia (NSIP) was thicker than that in normal individuals
and it tended to be convex in shape. Idiopathic pulmonary fibrosis is known to cause
mediastinal widening and it can be mistaken for lymphadenopathy caused by tumor or
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infection (4). To the best of our knowledge, CT analysis of
the amount and shape of the anterior mediastinal fat in
patients with UIP or NSIP have not been described
previously.
The purpose of this study was to determine whether the
amount and shape of the anterior mediastinal fat in
patients with UIP or NSIP are different from those of a
normal control group.

MATERIALS AND METHODS
Patients
From January 1999 to December 2004, we identified 43
patients with a definitive diagnosis of NSIP and 115
patients with a definitive diagnosis of UIP by searching the
patient records at our hospital and at another teaching
hospital. Over the same period, 252 individuals were
identified who had no abnormal lesion on high-resolution
CT (HRCT) and they had normal pulmonary function tests,
so they were selected as controls. To avoid any bias due to
age or gender, the UIP, NSIP and control subjects were
individually matched for age and gender. Finally, 26
patients with NSIP, 26 patients with UIP and 26 controls
were selected. Each group was comprised of 20 females
and six males. For each of the three groups, the ages were
matched within two years (age range: 40 77 years, mean
age: 56.3).
Nonspecific interstitial pneumonia was diagnosed in 26
patients from lung wedge resections by consensus between
a panel of experienced pathologists who worked in conference, and the diagnosis was based on the criteria

developed by the American Thoracic Society and
European Respiratory Society (ATS/ERS) (6). The
histologic features of NSIP included a cellular pattern (n =
3), a fibrosing pattern (n = 10), and both patterns (n = 13).
UIP was also diagnosed from lung resections in five cases
or from a combination of the typical HRCT findings (as
described by the ATS) and from the clinical information in
21 cases (6).
Two authors (C.H.L. and K.R.S.) reviewed the clinical
histories and the underlying medical conditions. To
exclude other factors that might change the amount and
shape of the anterior mediastinal fat, patients with a
history of tuberculosis, empyema, connective tissue
diseases, exposure to organic or inorganic dust or toxic
fumes, Cushing disease, asthma or any other diseases
requiring steroid medication were excluded from the study
population. Patients who had been treated with steroid
before CT were excluded for the same reason. Our institutional review board did not require approval of our study
or informed consents for the patients’ records or image
reviews.
High-Resolution CT
High-Resolution CT was performed in all patients. The
scans were 1 1.5 mm thick/section, and they were
reconstructed using a high spatial frequency algorithm.
Scans were obtained at 10 mm intervals in the supine
position at end inspiration. The HRCT scans were obtained
with a variety of scanners (Somatom Plus-4 scanner,
Siemens Medical Systems, Erlangen, Germany; Somatom
Plus-S scanner, Siemens Medical Systems, Erlangen,

A
B
Fig. 1. The method of measurement for the amount and the anteroposterior and transverse dimensions of the anterior mediastinal fat.
A. The amount of anterior mediastinal fat was quantified at the level of the aortic arch with software (Rapidia; 3DMED, Seoul, Korea).
This software automatically calculated the areas of the anterior mediastinal fat having the attenuation range 190 to 50 HUs when the
region of interest was drawn.
B. The anteroposterior and transverse dimensions of the anterior mediastinal fat were measured at the level of the pulmonary trunk.
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Germany; and Hi-Speed Advantage, GE Medical Systems,
Milwaukee, WI). No intravenous contrast material was
used.
CT Image Analysis
The CT scan Digital Imaging Communications in
Medicine (DICOM) format was used for the quantitative
measurements. The amount of anterior mediastinal fat was
determined from scans at the level of the aortic arch, and it
was quantified using Rapidia software (3DMED, Seoul,
Korea) (Fig. 1A). This software automatically calculates the
areas of anterior mediastinal fat with the attenuation range

of 190 to 50 HUs. This attenuation threshold for the
anterior mediastinal fat measurement was modified from
the value used for the standardized abdominal fat
measurement on CT by Yoshizumi et al. (7).
The shape of the anterior mediastinal fat was categorized
as concave, flat or convex at the level of the main
pulmonary trunk rather than determining the shape of the
anterior mediastinal fat at the level of aortic arch because
the amount of anterior mediastinal fat at the level of aortic
arch was insufficient for the purposes of classifying it in
some cases. The anteroposterior (AP) (from the posterior
wall of the sternum to the anterior wall of the ascending
Fig. 2. The shapes of anterior mediastinal fat in the usual interstitial pneumonia, nonspecific interstitial pneumonia
and normal control groups.
A, B. The concave shape of the anterior
mediastinum in the normal controls.
C, D. The flat shape of the anterior
mediastinum in the nonspecific interstitial pneumonia group.
E, F. The convex shape of the anterior
mediastinum in the usual interstitial
pneumonia group.
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aorta) and transverse dimensions (the width of the
posterior wall of the sternum in contact with the anterior
mediastinal fat) of the anterior mediastinal fat at the level
of the main pulmonary trunk were also measured (Fig.
1B). Two radiologists evaluated the shape of anterior
mediastinal fat by consensus (Fig. 2).

confidence intervals (CI) were calculated. A polychotomous logistic regression test model was used to calculate
the overall p-values for the UIP, NSIP and control groups.
P values of < 0.05 were considered to indicate statistically
significant differences.

RESULTS

Statistical Analysis
All the analyses were performed with SAS System
software (version 9.0, SAS Institute, Cary, NC). The 26
1:1:1 matched sets were analyzed, and the amounts of
anterior mediastinal fat, the retrosternal AP and transverse
dimensions of the anterior mediastinum, and the weights
and body mass indexes (BMIs) were compared using oneway analysis of variance (ANOVA). Bonferroni post hoc
test was also performed. The shapes of the anterior
mediastinal fat were compared using the Chi-square test.
The conditional exact logistic regression model was used to
assess whether convexity of the anterior mediastinum, as
determined by CT, was a risk factor for pulmonary
fibrosis. The potential confounding factors including
weight, BMI, the AP and transverse dimensions and the
amount of fat in the anterior mediastinum, were categorized (the weight was divided for 10 kg intervals and the
other factors were divided into four groups in reference to
the control). Because weight was the most important
confounding factor, the crude odds ratios and adjusted
odds ratios for weight with the corresponding 95%

Comparisons of the 78 matched study subjects are
summarized in Table 1. No significant differences in age,
weight and BMI were observed among the three groups.
The amount of anterior mediastinal fat was not different
among the three groups (p = 0.175). The retrosternal AP
dimension (p = 0.037) and transverse dimension (p <
0.001) of the anterior mediastinal fat were significantly
different among the three groups. Bonferroni post hoc test
showed that the UIP retrosternal AP dimension was
shorter (p = 0.037) and the transverse dimension was
longer (p = 0.001) than that in the normal control group.
For the NSIP group, only the transverse dimension was
significantly longer than that in the normal control group
(p < 0.001). However, no significant difference in the AP
and transverse dimensions of the anterior mediastinal fat
was observed between the NSIP and UIP groups.
The shapes of anterior mediastinum were significantly
different among the three groups (p < 0.001) (Table 2).
The convex shape of the anterior mediastinum was predic, p < 0.001) and UIP
tive of NSIP (OR = 19.7, CI 3.32

Table 1. Comparisons of the Variables in the Three Groups
Groups
Variables

Weight (kg)
Body mass index (kg/m2)
Amount of anterior
mediastinal fat
AP dimension
Transverse dimension

p-value

Normal
(Mean SD)

NSIP
(Mean SD)

UIP
(Mean SD)

64.8 13.1
24.4 3.30

61.3 8.50
24.6 3.20

059.1 11.40
23.4 3.60

502.8 350.7

746.9 594.4

19.9 6.50
7.8 8.5

16.4 7.90
27.1 180.

Normal:NSIP Normal:UIP NSIP:UIP Normal:NSIP:UIP
0.210
1.0

1.0
1.0

661.4 441.6

< 0.818
< 1.0
<
0.200

0.691

1.0

< 0.187
< 0.649
<
0.175

14.8 6.70
25.2 19.1

< 0.237
< 0.001*

0.037*
0.001*

1.0
1.0

< 0.037*
< 0.001*

Note. * p-value < 0.05; Data are presented as means SDs; AP dimension = Anteroposterior dimension; Statistical results were obtained by the one way
analysis of variance test and the Bonferroni test.

Table 2. Different Shapes of Anterior Mediastinum in the Three Groups
Groups
Shape

p-value
Normal (n/ %)

Concave
Flat
Convex
Note.

176

25
01
00

96.2
03.8
00.0

NSIP (n/ %)
07
05
14

26.9
19.2
53.8

UIP (n/ %)
02
02
22

07.7
07.7
84.6

< 0.001*
< 0.001*
< 0.001*

* p-value < 0.05; Statistical result was obtained by the Chi-square test
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(OR = 24.42, CI 4.06
, p < 0.001). When the data were
adjusted for weight, a convex shape was also predictive for
NSIP (adjusted OR = 17.16, CI 2.89
, p < 0.002) and
, p < 0.002). The
UIP (adjusted OR = 32.64, CI 5.71
UIP patients were also found to have a higher likelihood of
a convex shape of the anterior mediastinum than were
those patients with NSIP (OR = 3.96, CI 0.74 39.79, p <
0.001; adjusted OR = 6.11, CI 0.82 275.26, p < 0.002).

DISCUSSION
Although mediastinal widening in idiopathic pulmonary
fibrosis have been previously described, no objective CT
analysis has been reported (4). Thus, this is the first study
to investigate the use of CT images to quantitatively and
qualitatively analyze the mediastinal morphologies in
pulmonary fibrosis.
Changes in the Shape of the Anterior Mediastinum in
Various Pathologic Conditions
The mediastinum is composed primarily of fatty tissue
that directly contacts the lungs bilaterally. Therefore, the
shape of the mediastinum readily adapts to the changes in
lung pathology (1). Mediastinal widening can be seen in
the setting of idiopathic pulmonary fibrosis (4). According
to the results of our study, idiopathic interstitial pneumonias such as UIP and NSIP can change the shape of the
anterior mediastinal fat.
Mediastinal changes have been reported in various
pathologic conditions. Mediastinal lipomatosis refers to the
accumulation of excess fat, and this is usually associated
with corticosteroid administration (8, 9). For those patients

with UIP, the first line treatment is corticosteroid; thus,
mediastinal widening can be the result of steroid medication or fibrous scarring. However, because we excluded
the patients who had previously received corticosteroid
medications, its effect could be ignored in the present
study.
In patients with a treated neoplasm, any mediastinal
bulge that develops suggests extension or recurrence of
tumor. However, if the patient has been irradiated, then
mediastinal widening can be due to adjacent lung scarring,
which retracts the mediastinal pleura laterally and draws in
fat. Other causes of lung scarring can similarly widen the
mediastinum (4). For example, localized lung or pleural
scarring caused by lung infection can tether the pleura and
thicken the overlying fat in the chest wall or mediastinum
(2, 3). The acquired causes of mediastinal rotation include
lung resection and atelectasis (4). Proto (1) have also
reported that a retrosternal band is a common finding on
the lateral radiographs of patients with an abnormally low
lung volume (congenital or acquired) on one side.
Retrosternal soft tissues develop because the diminished
lung volume pulls the mediastinum toward the affected
side and this draws mediastinal fat anterolaterally in front
of the lung. Before the advent of CT, this retrosternal band
was attributed to excessive areolar tissue or to an
accessory hemidiaphragm (10), but CT has shown that the
actual cause of this retrosternal band is mediastinal
rotation and mediastinal fat displacement (11).
Mediastinal Changes and its Mechanism
We measured the amount of mediastinal fat at the level
of the aortic arch, which is where most of the fat tissue can

A
B
Fig. 3. A hypothetical mechanism for the morphologic change in the anterior mediastinum due to pulmonary fibrosis in the usual interstitial pneumonia and nonspecific interstitial pneumonia patients. The widening of the transverse dimension and the shortening of the
anteroposterior dimension of the anterior mediastinal fat seem to be caused by bilateral tensile forces induced by subpleural fibrosis of
the lung tissue that was adjacent to the mediastinum.
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be consistently observed on HRCT. However, for classifying the shape of anterior mediastinum into three types, we
selected the level of the main pulmonary trunk because the
shape of the anterior mediastinum could be more
objectively and consistently determined. In some cases, the
retrosternal space was so narrowed that the shape of the
anterior mediastinum could not be determined at the level
of aortic arch.
Our results showed that UIP tends to be associated with
a reduced AP dimension and an increased transverse
dimension with the resultant convex shape of the anterior
mediastinum. In UIP patients, honeycombing change with
volume loss usually occurs at the periphery of the lung
base. We can speculate that the bilateral tensile force
exerted by the subpleural fibrosis of the lung adjacent to
the mediastinum could result in widening of the transverse
dimension and shortening of the AP dimension of the
anterior mediastinum (Fig. 3).
Toei at al. (5) analyzed the changes in the amounts and
distributions of the anterior mediastinal fat after left upper
lobectomy, as determined by CT. The postoperative
anterior mediastinal fat distribution was distinctly changed
with showing a marked increase from the aortic arch to the
main pulmonary arterial level, with a converse decrease at
the upper and lower slices, but no significant postoperative
change was noted in the total anterior mediastinal fat
volume. Likewise, in our study, the amounts of anterior
mediastinal fat in the cases of NSIP and UIP were not
significantly different from the controls. This indicates that
lung fibrosis did not induce a quantitative increase of the
anterior mediastinal fat, but rather that it induces a redistribution of the mediastinal fat. The loss of volume of both
lower basal lungs due to the fibrosis in UIP might cause a
redistribution of fat tissues and the anterior mediastinal
shape changes.
Differential Diagnosis of Nonspecific Interstitial
Pneumonia and Uusual Interstitial Pneumonia by CT
Several studies have found that considerable overlap
exists between the thin section CT patterns of NSIP and
UIP patients, i.e., up to one-third of NSIP patients were
found to have CT patterns that were similar to those of
UIP patients (12 14). However, these radiologic findings
were solely concerned with the intrapulmonary manifestations. Even the pathologic differential diagnosis of UIP and
fibrotic NSIP is not straightforward; therefore, the current
gold standard involves a clinicopathologic work-up by the
physicians and radiologists, with a subsequent review of
the final clinicopathologic diagnosis (6).
The prognosis of the NSIP subgroups differs; cellular
NSIP responds rather well to corticosteroid treatment and
178

it has a better prognosis than fibrotic NSIP (15 17).
Patients with UIP show a more favorable prognosis than
those without honeycombing (18). Therefore, we can also
hypothesize that the prognosis of idiopathic pulmonary
fibrosis correlates well with the progression of pulmonary
fibrosis. However, measuring the extent of fibrosis and the
volume loss of the lung parenchyma in UIP patients is not
so easy, and there is no widely accepted standardized
scoring system (19). Honeycombing represents end-stage
fibrosis, but the ground-glass opacity associated with
honeycombing can also be caused by interstitial fibrosis
(20 22). Moreover, some ground-glass opacities disappear
on the follow up studies for the NSIP patients. Thus, there
are problems for how to measure the extent of overall
fibrosis in idiopathic pulmonary fibrosis.
CT analysis of a dynamic mediastinum might reflect the
overall amount of fibrosis in lungs because the
mediastinum tends to change its shape and adapt to
various thoracic conditions. Our results showed that a
convex shape of the anterior mediastinum was due to a
reduced AP dimension, and an increased transverse
dimension tends to indicate a risk of NSIP and UIP, that is,
the progression of fibrosis. Though the evaluation of the
mediastinum shape is not presented as a critical method or
as a definitive tool for diagnosing any specific disease
entity that causes pulmonary fibrosis, it could provide a
straightforward and convenient way of observing the
overall fibrosis in the lung parenchyma, and it could be an
indirect means of determining whether the radiologic
findings are transient or not. Whether the convexity of the
anterior mediastinum correlates well with the prognosis of
idiopathic pulmonary fibrosis is not known, but this could
be elucidated in a larger study.
There were limitations to our study. The confidence
interval of our logistic regression model was excessive and
this may have been caused by the limited sample size.
Another limitation was that other conditions such as
emphysema, chest wall movement and the phase of
respiration, but not age and gender, might have affected
the measurement of the anterior mediastinal fat, although
inspiratory HRCT scans were performed.
In summary, the retrosternal AP and transverse
dimensions of UIP patients differed from those of the
normal individuals, whereas the amounts of anterior
mediastinal fat were similar. UIP and NSIP patients have a
tendency to have a convex shape of their anterior
mediastinal fat.
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