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ABSTRACT

Aim: The shape and physical properties of the anterior mediastinum can be easily affected by inflammatory lung diseases, tuberculosis,
empyema, radiotherapy, chronic fibrotic lung diseases, previous surgery, and after steroid therapy. We planned to compare the properties of
anterior mediastinal fat (AMF) in 3 different groups: patients with idiopathic pulmonary fibrosis (IPF), patients with chronic hypersensitivity
pneumonia (cHP), and in the healthy control group. We investigate the AMF shape, dimensions, and AMF area properties on the images of
high-resolution computed tomography (HRCT) and to find any difference between IPF and cHP patients in terms of AMFE.

Material and Method: The study comprises a total of 80 cases in the three groups. The first group comprises 26 cases diagnosed as IPE The
second group comprises 19 cases diagnosed as cHP. The third group comprises 35 control patients. The clinical, demographical, and AMF
characteristics on HRCT were retrospectively evaluated. The AMF shape and area characteristics were compared between the three groups.

Results: There was no statistical difference between the mean ages of cases, BMIs, and smoking status in IPF, cHP, and control groups. Gender
distribution was found statistically significant between the 3 groups (p=0.001). A statistically significant difference was observed between
the IPF and cHP groups in terms of FVC levels (2.67+0.59, 2.14+0.80, respectively; p=0.024). Also, a statistically significant difference was
observed between the IPF and cHP groups in terms of DLCO levels (57.42+17.21; 77.31+35.21; respectively; p=0.016). In the evaluation
of AMF shape properties between two groups (cHP and IPF), the concave figure was significantly more frequent in cHP group (p=0.014).
The AMF area analyses revealed that the IPF group’ areas were significantly greater than the cHP and control groups. The AP dimension of
AMEF analyses revealed that only the cHP groups dimensions were significantly smaller than the control group’s (p=0.037). In the analysis
of the transverse dimension of AME, the IPF group’s dimensions were significantly greater than the cHP and control group’s (p<0.0001 and
p=0.007; respectively) and also the cHP group’s dimensions were significantly greater than the control group’s (p<0.0001).

Conclusion: The transverse length, total AMF area, and shape characteristics of AMF can be evaluated as a radiological marker for differential
diagnosis of IPF and cHP, whose differential diagnosis may be difficult. Both the transverse length and AMF area can take greater values in
the IPF group than in the cHP group.
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INTRODUCTION

Interstitial lung diseases (ILDs) are chronic lung diseases
with similar clinical, radiological and pulmonary
function test results (1). Although IPF is one of the most
common forms of ILD, its origin is still uncertain and
it has a poor prognosis (1,2). Although the incidence
of IPF varies from region to region, it is incidence is
0.09-0.93 in 10000 (in ten thousand) and its prevalence
varies between 0.33-4.51 in 10000 (in ten thousand)
(3). The 5-year survival of IPF is 40% (4). The diagnosis
of IPF is a result of the algorithm in which the HRCT
and Histopathology patterns are evaluated together (5)
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and therefore HRCT findings are very important in the
diagnosis and differential diagnosis of IPF (5,6). Chronic
hypersensitivity pneumonia is an inflammatory and/
or fibrotic disease that involves the lung parenchyma
and small airways and frequently interferes with IPF
(7). Environmental and occupational exposures may be
associated with IPF as well as with CHP (8).

The mediastinum is the anatomical space located in the
thoracic cavity, which is limited by the sternum anteriorly,
the pleura laterally, the vertebrae posteriorly, and the
thoracic inlet superiorly. The mediastinum is parted into
4 anatomical compartments; anterior, middle, posterior,
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and upper mediastinum (9). The anterior mediastinum
has a structure that can be affected by various
pathological conditions and easily adapt to these changes
(10). The shape and physical properties of the anterior
mediastinum can be easily affected by inflammatory lung
diseases, tuberculosis, empyema, radiotherapy, chronic
fibrotic lung diseases, previous surgery, and after steroid
therapy (11-13). There are studies in which the fat ratio
in the body is evaluated (the skeletal muscle index) in
diagnostic processes (14).

In 2014, Hassan and Abo-Elhamd (15) investigated the
properties of anterior mediastinal fat (AMF) in patients
with idiopathic pulmonary fibrosis (IPF), and in 2006, Lee
et al. (11) investigated the properties of AMF in patients
with IPF and nonspecific interstitial pneumonia (NSIP). In
2020, Gonzalez et al. (16) examined the effect of AMF on
prognosis in pulmonary fibrosis patients who underwent
lung transplantation. In this study, we planned to compare
the properties of AMF in the patient 3 groups: patients
with IPE, patients with chronic hypersensitivity pneumonia
(cHP), and in the healthy control group for the first time.

MATERIAL AND METHOD

The study was carried out with the permission of
University of Health Sciences Atatiirk Education and
Training Hospital Clinical Researchs Ethics Committee
(Date: 12/10/2021, Decision No: 2012-KAEK-15/2390).
All procedures were performed adhered to the ethical
rules and principles of the Helsinki Declaration.

Patients

Patients who were evaluated and diagnosed in the ‘diffuse
parenchymal lung diseases multidisciplinary council’ of
our institution enrolled in this study. Our institution is a
tertiary education and research hospital and specializes
in pulmonary diseases and chest surgery. The study
comprises 3 patient groups. The first group comprises 26
cases that were evaluated according to ATS/ERS criteria
(5). and subsequently diagnosed as IPE The second
group comprises 19 cases who were evaluated and finally
diagnosed as chronic hypersensitivity pneumonia (cHP)
in the light of current guidelines (17). The third group
comprises 35 control patients without any disease.

The cases included in our study are those diagnosed with
IPF and cHP among all patients in the last 8 years. A total
of 80 cases in the three groups were evaluated. There was
no known past and/or active inflammatory or infectious
disease with patients and control groups. None of the
patients in the IPF and cHP groups received corticosteroids
before high-resolution chest tomography (HRCT)
evaluation. None of the cases had diabetes, atherosclerotic
cardiovascular disease, and had no history of thoracic
surgery and radiotherapy. The demographic data, BMI,

smoking status, hemogram, and biochemistry analysis
results of these cases were recorded retrospectively. Shape
features, anteroposterior and transverse lengths, and AMF
area were calculated of all cases. Pulmonary function
tests (PFTs) and diffusing capacity for carbon monoxide
(DLCO) results were recorded in IPF and cHP groups.

High-resolution Chest Tomography (HRCT)

All cases HRCT results analyzed. Cases were in
supine position and analysis was performed without
iv. contrast agents. 1.5 mm thick sections were taken
in the axial plane with 128 multidetector CT device
(Ingenuity CT, Philips Healthcare, Andover, MA, USA).
Display parameters were Kv:120; mA:160, rotation
time:0,5 s; collimation:64x0,625; FOV: 220mm. The
window settings were determined as W:350, C:60 for
mediastinum and W:-1600, C:-600 for parenchyma.

The shape of the anterior mediastinal fat was categorized as
concave, flat, or convex at the level of the main pulmonary
trunk. The anteroposterior (AP) (from the posterior wall
of the sternum to the anterior wall of the ascending aorta)
and transverse dimensions (the width of the posterior wall
of the sternum in contact with the anterior mediastinal fat)
at the level of the main pulmonary trunk was also measured
(15) and the AMF area was determined manually and
calculated with the CT device in cm?2.

Statistical Analysis

All the analysis was performed with SPSS System
software (version 22.0). The shapes of the anterior
mediastinal fat in the IPF and cHP and control groups
were compared using the Chi-square test. Amounts of
anterior mediastinal fat, the retrosternal AP, transverse
dimensions of the anterior mediastinum, the weights,
and body mass indexes (BMIs) were compared using
one-way analysis of variance (ANOVA). Correlations
between forced vital capacity (FVC), forced expiratory
volume in the first second (FEV1) and DLCO with AP and
transverse diameters and areas of anterior mediastinal fat
were performed using Pearson’s correlation coefficient.
AUC was calculated by performing ROC analysis of
AMF area, AP length, and transverse dimension values,
which are our qualitative measurements for the diagnosis
of IPE Sensitivity and specificity values were determined
for the statistically significant transverse dimension and
AMEF area values, and cut-off values were determined.
Multivariate regression analyzes were performed by age,
gender, smoking status, and BMIs separately, which are
likely to be confounding factors for AMF shape features,
length, and AMF area measurements. The fit of the
models created in this regression analysis was evaluated
with the Hosmer and Lemeshow test, and a p-value above
0.05 was considered a good fit. Hemogram, NLR, CRP,
and albumin values were analyzed to evaluate whether
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Picture 1. A. The anteroposterior (AP) (from the posterior wall of the sternum to the anterior wall of the ascending aorta), B. Transverse
dimensions (the width of the posterior wall of the sternum in contact with the anterior mediastinal fat) at the level of the main pulmonary trunk,
C. Concave shape, D. Flat shape, E and F: convex shape, *All AMF areas were determined manually and calculated with the CT device in cm®.

there was a relationship between AMF and systemic
inflammation. In addition, IPF and cHP patient groups
were compared in terms of PFTs and DLCO values.
The p-value less than 0.05 was considered to indicate
statistically significant differences.

RESULTS

Demographic data of three groups were compared. Gender
distribution was 24 males 2 females in the IPF group, 5
males 14 females in the cHP group, and 30 males and 5
females in the control group. Gender distribution was found
statistically significant between the 3 groups (p=0.001).
There was no statistical difference between the mean ages of
cases in IPE, cHP, and control groups (67.50+12, 67.50+12,
and 67.68+8.30, respectively) (p=0.67) (Table 1).

BMI mean value was 28.22 kg/m2 (3.56%) in the IPF
group, 29.97 kg/m2 (5.99%) in the cHP group and
28.92 kg/m2 (3.29%) in the control group. There was
no statistical difference between the three groups by
the means of BMIs (p=0.380). There was no correlation
between the smoking status of the three groups
(p=0.054).

The AP dimension of AMF analyses revealed that only
the cHP group’s dimensions were significantly smaller
than the control group’s (p=0.037). In the analysis of the
transverse dimension of AME, the IPF group’s dimensions
were significantly greater than the control groups
(p<0.0001) and greater than the cHP group’s (p=0.007)
and also the cHP group’s dimensions were significantly
greater than the control group’s (p<0.0001).

Table 1. Demographic and clinical characteristics

Characteristic IPF group (n=26) cHP group (n=19) Control group (n=35) p value
Age (years) (mean+SD) 67.50+12 61.52+12.75 67.68+8.30 0.067
Male gender (n) (%) 24 (92.3%) 5(26.31%) 30 ( 85.71%) 0.001*
BMI mean#sd (kg/m2) 28.22 (3.56%) 29.97 (5.99%) 28.92 (3.29%) 0.380
Smoking status (n) (%) 0.054

Current 1 (3.84%) 1 (5.26%) 5 (14.28%)

Former 25 (96.15%) 16 (84.21%) 23 (65.71%)

Never 0 (0%) 2 (10.52%) 7 (20.00%)
Note. *p<0.05 BMI: Body mass index
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The AMF area analyses revealed that the IPF group’s
areas were significantly greater than the control group’s
areas (p<0.0001) and greater than the cHP group’s
areas (p=0.0037) and also the cHP groups areas were
significantly greater than the control group’s (p=0.008)
(Figure 1, 2 and Table 2).

The AMEF shape features evaluation showed a concave
figure in 4 cases with cHP and 17 cases of the control
group (p<0.0001), a flat figure in 3 cases IPF, 1 case with
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Figure 1. The IPF groups transverse dimensions were significantly
greater than the control group’s (p<0.0001) and greater than the cHP
groups (p=0.007) and also the cHP groups transverse dimensions
were significantly greater than the control group’s (p<0.0001).
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Figure 2. The IPF group’s AMF areas were significantly greater than
the control group’s AMF areas (p<0.0001) and greater than the cHP
group’s AMF areas (p=0.0037) and also the cHP group’s AMF areas
were significantly greater than the control group’s (p=0.0008).

cHP, and 15 cases of the control group (p=0.002), convex
figure in 23 cases with IPF, 14 cases with cHP and 3
cases of the control group (p <0.0001) (Table 3). In the
evaluation of AMF shape properties between two groups
(cHP and IPF), the concave figure was significantly more
frequent in cHP group (p=0.014) (Table 4).

Regression analyzes of AMF shape features, lengths, and
area measurements were performed in a model in which
confounding risk factors such as age, BMI, smoking, and
gender were included. The fit of all models created in this
regression analysis was evaluated with the Hosmer and
Lemeshow test. It was seen that all of them had a good
model fit (p>0.05). In these regression models, none of the
possible confounding factors were at the level of statistical
significance (p>0.05). For example, in the evaluation of
the convex shape in terms of confounding factors in Table
5, the Hosmer and Lemeshow test result indicated a good
model fit with p=0.912, while there was no statistical
significance in the risk factors examined (p>0.05).

Table 3. Different shapes of anterior mediastinum in the three
groups

AMP shape Normaln (%) cHPn (%) IPFn (%) p-value
Concave 17 (48.6%) 4 (21%) 0 (0%) 0.000*
Flat 15 (42.9%) 1(53%)  3(112%)  0.002*
Convex 3 (8.6%) 14 (73.7%) 23 (88.4%) 0.000*
Note. *p-value < 0.05; the statistical result was obtained by the Chi-square test.

Table 4. Different shapes of anterior mediastinum in the two

groups

AMP Shape cHP n (%) IPF n (%) p-value n (%)
Concave 4 (21 %) 0 (0.0 %) 0.014*

Flat 1(5.3 %) 3(11.2 %) 0.465

Convex 14 (73.7 %) 23 (88.4 %) 0.2

Note. * p-value < 0.05; Statistical result was obtained by the Chi-square test

Table 5. The evaluation of the convex shape in terms of

confounding factors with multivariate logistic regression analyze

Risk factors OR (%95 CI) p-value
Age 0.978 (0.932-1.027) 0.369
Gender 1.882 (0.594-5.959) 0.282
Smoking status 2.203 (0.230-21.088) 0.493
BMI 0.951 (0.839-1.077) 0.425

The Hosmer and Lemeshow test result indicated a good model fit with p=0.912 and
((;h; Os.glslire:?ﬁ.?»?»?». There was no statistical significance in the risk factors examined

Table 2. Comparisons of the variables in the three groups

Variables IPF cHP Control Normal Normal cHP Normal vs

(mean+SD) (mean+SD) (mean+SD) vs cHP vs IPF vs IPF  cHP vs IPF
Body mass index (kg/m2) 28.22+3.56 29.97+5.99 28.92+3.29 0.406 0.431 0.226 0.380
AP dimension (cm) 2.27+0.93 1.81+0.82 2.33+£0.85 0.037* 0.797 0.096 0.809
Transverse dimension (cm) 6.10+2.67 3.84+2.60 1.28+1.15 0.000* 0.000* 0.007* 0.001*
Area of AMF (cm?2) 15.94+8.44 11.01+6.16 7.34+3.66 0.008% 0.000% 0.037* 0.001*
Note. *p value<0.05; Data are presented as means SDs.
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Correlation between the changes in the diameters of
AMEF with PFTs (FEV1, FVC, and DLCO) in IPF and
cHP groups revealed a significant correlation between
AP dimension and FEV1 and FVC (r=502, p<0.0001 and
r=481, p=0.001, respectively).

As seen in Figure 3, ROC curves and AUC were
compared between AMF area, AP length, and transverse
dimension values to predict IPF diagnosis. Transverse
dimension showed the best AUC=0.86, (CI 95% 0.783-
0.951, p<0.0001), followed by the AMF area with an
AUC=0.77 (CI95%, 0.661-0.886, p<0.0001), while AP
length were not significant (p=0.551). The Transverse
dimension sensitivity was 80%, specificity was 77%
cutoff=3.79 c¢m in the diagnosis of IPF. The AMF area
sensitivity was 73%, specificity was 72% cut off=9.82 cm?
in the diagnosis of IPE.

Systemic inflammatory biomarkers were evaluated to
determine the relationship between AMF and systemic
inflammation. No relationship was found between
AMF and inflammatory biomarkers, such as neutrophil,
lymphocyte, neutrophil/lymphocyte ratio (NLR), CRP,
and albumin levels. When the 3 groups were compared,
there was a significant difference in white blood cell
(WBCQ) levels (p=0.028), while no significant difference
was observed between IPF and control groups in the
subgroup analysis (9.68+2.99, 9.11+2.90, respectively;
p=0.455). Also, there was no significant difference
between cHP and the control group (7.84+2.46,9.11+2.90,
respectively; p=0.055).

PFTs could only be evaluated in the IPF and cHP groups,
but not in the control group. A statistically significant
difference was observed between the IPF and cHP groups
in terms of FVC levels (2.67£0.59, 2.14+0.80, respectively;
p=0.016) and FEV1 levels (2.22+0.44, 1.75+0.65,
respectively; p=0.006). Also, a statistically significant
difference was observed between the IPF and cHP groups
in terms of DLCO levels (57.42+17.21; 77.31+35.21;
respectively; p=0.016) (Table 6).

DISCUSSION

This is the first study in which the properties of AMF were
evaluated in cHP patients and also investigated together
in cHP-IPF patients. This article aimed to determine the
relationship between AMF features in patients with IPF
and cHP and to evaluate these features as a marker.

In this study, we defined the anatomical features of AMF in
IPE, cHP, and control patients with HRCT. We showed that
transverse dimension and convex shape in IPF and cHP
patients were statistically significantly larger and different
when compared to control patients. In this context, we
have shown that transverse length and convex shape can
be markers.
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Figure 3. The ROC curves and AUC were compared between AMF
area, AP length, and transverse dimension values to predict IPF
diagnosis. Transverse dimension showed the best AUC=0.86, (CI
95% 0.783-0.951, p<0.0001), followed by the AMF area with an
AUC=0.77 (CI95%, 0.661-0.886, p<0.0001), while AP length were not
significant (p=0.551). The transverse dimension sensitivity was 80%,
specificity was 77% cutoff=3.79 cm in the diagnosis of IPE. The AMF
area sensitivity was 73%, specificity was 72% cut off=9.82 cm?2 in the
diagnosis of IPE.

Table 6. Systemic inflammation markers between three groups

Characteristic n=80 p value
WBC unitt (mean+SD) 9.00+2.88 0.028
WBCS$
IPF vs control group 0.455
cHP vs control group 0.055
Neutrophilt (mean+SD) 6.34+2.58 0.123
Neutrophil (%)* (mean+SD) 69.71+11.10 0.736
Lymphocyte * (mean+SD) 1.83+0.78 0.113
Lymphocyte (%)* (mean+SD) 21.21+8.80 0.265
NLRt (mean+SD) 4.57+3.89 0.449
Hemoglobin* (mean+SD) 13.94+2.07 0.590
Hematocrit * (mean+SD) 43.26+5.88 0.989
Platelet* (mean+SD) 25605+90510.63 0.156
CRPY (mean+SD) 21.81+42.01 0.205
Albumint (mean+SD) 37.11+5.66 0.965
FVCi# (mean+SD) 0.024
IPF 2.67%0.59
cHP 2.14+0.80
FEV1# (mean+SD) 0.006
IPF 2.22+0.44
cHP 1.75+0.65
DLCO # % (mean+SD) 0.016
IPF 57.42+17.21
cHP 77.31+35.21
WBC: White blood cell, NLR: Neutrophil lymphocyte ratio, CRP: C-reactive protein,
FVC: Force vital capacity, DLCO: Diftusing capacity for carbon monoxide, *ANOVA,
+Kruskal-Wallis test, #Indipendent t-test, SMann-Whithney U Test, [|[FVC and DLCO
analyzed for these two groups: IPF and cHP
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In addition, when we compared the AMF area, we
observed that the measurements of IPF patients had
the highest value. For the diagnosis of IPE, we found
that the values of transverse dimension and area values
were statistically significant by calculating AUC by
ROC analysis of AMF qualitative measurements. We
determined the cut-off values of these two data as 3.79
cm and 9.82 cm?, respectively.

In previous studies examining the properties of AMEF, the
relationship between AMF and systemic inflammation
was never examined (11,15,16). This is the first study
evaluating the properties of AMF with systemic
inflammation in both IPF and cHP patients, and it has
been shown that there is no relationship between AMF
and systemic inflammation.

AMF characteristics can be affected by infectious and
inflammatory lung diseases, thoracic surgery and
thoracic radiotherapy, and steroid therapy given for any
reason (10-12). Likewise, intrathoracic fat can be affected
by obesity as well as diabetes and is associated with
ASHH (18). We did not include the cases with the above-
mentioned conditions.

In previous studies, the IPF groups AMP transverse length
tended to be taller, and AP length was shorter compared
to the control group (11,15). In our study; Transverse
length and AMF area were found to be consistent with
previous studies in both IPF and cHP groups, which were
statistically significantly different from the control group.

We also determined a cut-off value using qualitative
measures of AMF that had not been evaluated in
previous studies. In the diagnosis of IPF for the
transverse dimension our calculated cut-off value=3.79
cm, sensitivity 80%, specificity 77% (p<0.0001), and for
the AMF area cut-off value=9.82 cm?, sensitivity 73%,
specificity 72% (p<0.0001).

Lee et al. (11) found that in IPF patients, AMF tended
to be transversely taller and shorter at the AP plane
compared with the control group. They explained this
result with the following mechanism: “The widening
of the transverse dimension and the shortening of the
anteroposterior dimension of the anterior mediastinal
fat seem to be bilateral tensile forces induced by
subpleural fibrosis of the lung tissue that was adjacent
to the mediastinum.”. In our study, transverse length and
AMEF area feature support this mechanism. In our study,
the fact that AP length is statistically less than normal
controls in cHP, which can also be a fibrotic disease, also
supports this mechanism.

We showed that systemic inflammatory markers were
similar in all 3 groups. For all these reasons, we also
support this possible mechanism. However, interestingly,
we cannot explain the similarity of the AP length in the

IPF and the control group, which is revealed in our study,
by any mechanism.

In previous studies, the relationship between AMF and
systemic inflammation was not discussed. In our study;,
systemic inflammatory markers were evaluated to
determine the relationship between AMF and systemic
inflammation. No relationship was found between
AMF and inflammatory biomarkers, such as neutrophil,
lymphocyte, neutrophil/lymphocyte ratio (NLR), CRP,
and albumin levels.

In previous studies, AMF shape features tended to
be convex in the IPF group and concave in normal
healthy subjects (11,15,16). In our study, it was found as
concave (p<0.0001), flat (p=0.002), convex (p<0.0001)
for 3 groups. In the subgroup analysis, the cHP group
tended to be concave in terms of AMF shape properties
compared to the IPF group (p=0.014).

Asa conclusion, we think that the transverse length, AMF
area, and shape characteristics of AMF can be evaluated
as a radiological marker for differential diagnosis of IPF
and cHP, whose differential diagnosis may be difficult. It
has been observed that both the transverse length and
AMF area can take greater values in IPF patient groups
than in the cHP group.

In the analysis of PFTs between the IPF and cHP
groups, we found a significant difference (2,67+0,59;
2,14+0,80; respectively, p=0,024). The cHP patients
were symptomatic and we used their PFTs before steroid
therapy. Because of this, compared to the IPF group,
PFTs were significantly low and recovery was expected
after steroid therapy (19). Also, a significant difference
was observed between the IPF and cHP groups in terms
of DLCO levels (57,42+17,21; 77,31+35,21; respectively;
p=0,016). This is consistent with previous literature data
(20).

Hassan et al. (15) reported that AMF transverse length
was negatively correlated with pulmonary functions
and AP length was positively correlated in patients
with IPE In our study, we found a relationship between
AP length and FVC and FEV1 (r=502, p<0.0001 and
r=481, p=0.001; respectively). Interestingly, there was no
relationship with PFTs in terms of transverse length and
AMEF area in both case groups.

This study's limitations were being a retrospective single-
center study and a relatively limited number of patients.

CONCLUSION

Qualitative and quantitative characteristics of AMF can
be an additional help in distinguishing from normal
healthy adults during radiological evaluation while
making cHP and IPF diagnoses. In addition, quantitative
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measurements of AMF can help us to distinguish
between two clinical entities such as IPF and cHP, which
can sometimes be difficult to distinguish from each other.
We recommend that these results could be supported by
prospective studies with a higher number of cases.
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