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ABSTRACT

Objectives: This study aims to assess the correlation between inspiration and expiration high resolution computed tomography (HRCT) findings and
pulmonary function tests (PFTs) in patients with sarcoidosis.
Patients and methods: Forty-five patients with sarcoidosis (18 males, 27 females; mean age 42.1±11.6 years; range, 24 to 64 years) were included in
this single-center, prospective, non-interventional study. Disease stage, presence and level of air trapping in expiratory and inspiratory HRCT patterns
such as nodular, reticular, fibrotic and ground-glass patterns, and PFT results were recorded. The correlations between HRCT findings and PFTs were
analyzed.
Results: Diagnoses of sarcoidosis were histopathologically (69% cases) or radiologically confirmed. According to X-ray findings, 3 (6.6%), 15 (33.3%),
24 (53.3%), and 3 (6.6%) patients were categorized as stage 0, I, II and III sarcoidosis, respectively. Air trapping was detected in HRCT in 33 (73.3%)
patients. Although there was no association between air trapping and inspiratory imaging patterns and/or pulmonary function tests, they seemed
more abundant in the lower/mid lung zones. Forced expiratory volume in one second (FEV1)/forced vital capacity (FVC) ratio and forced expiratory
flow (FEF) 25-75 was significantly lower in patients with fibrosis. Significant negative correlations between the fibrotic pattern and FEV1/FVC (r= -0.354;
p<0.005) and FEF25-75 (r= -0.440; p<0.005) values were detected.
Conclusion: Although air trapping pattern in expiratory HRCT was not associated with pulmonary function tests, it may be a useful diagnostic
parameter in assessing the level of parenchymal involvement of the lungs in sarcoidosis. Among the imaging patterns on HRCT, only fibrosis was
associated with airway obstruction.
Keywords: Expiratory high resolution computed tomography, inspiratory high resolution computed tomography, parenchymal fibrosis, sarcoidosis.

Sarcoidosis is an idiopathic granulomatous
disease which affects multiple organ systems
in the body, mostly the lungs.[1,2] It can affect
patients of any age, sex, or race, but most
typically affects people younger than 40 years,
with peak incidence in the third decade of
life.[3] The prevalence of sarcoidosis in the general
population is estimated between 1-40 cases per
100,000 people.[4]
Although this disease was initially recognized
over a century ago, there are still many
uncertainties regarding its etiology, treatment,
and prognosis.[5] The diagnosis of sarcoidosis
is also a matter of debate.[6,7] In most cases,
diagnosis is established through clinical and

radiographic findings supported by histologic
evidence of noncaseating granulomas.[7] Other
causes of such granulomatous inflammation must
also be excluded.[2]
Over the past two decades, our understanding
of sarcoidosis has evolved with the advancements
in novel diagnostic tools. The development of highresolution computed tomography (HRCT) has
resulted in improved imaging for the assessment of
subtle parenchymal details, enabling discrimination
between inflammation and fibrosis among patients
with pulmonary sarcoidosis.[8-12] In addition to
enhanced diagnostic accuracy, HRCT images
may be beneficial in planning its management and
evaluating treatment outcomes.[13] However, there
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are conflicting reports regarding the correlation
between HRCT findings and the results of
pulmonary function test (PFT).[13-15] Therefore,
the purpose of this study was to assess the
contribution of expiratory and inspiratory HRCT
in the evaluation of the parenchymal changes
in the lungs and to determine the correlation
between HRCT and PFT findings in patients with
sarcoidosis.

Patients AND METHODS
Study population
A total of 45 patients (18 males, 27 females;
mean age 42.1±11.6 years; range, 24 to 64
years) with sarcoidosis treated at our institution
were included in this single-center prospective
non-interventional study. The histopathological
diagnosis of sarcoidosis in clinically suspected
patients required presence of noncaseating
granulomatous inflammation in biopsy specimens.
Criteria for clinicoradiographic diagnosis
included patients who did not accept biopsies
or whose performance status was not suitable
for such an invasive procedure, presence of
Lofgren’s syndrome[2,16] and/or exclusion of other
granulomatous diseases, and lack of any other
non-sarcoidosis disease within the course of six
months was required. Patients were staged into
four groups according to their chest x-ray findings
as described by Scadding.[17] Those with diseases
which may cause mosaic attenuation pattern in the
lungs (i.e. chronic pulmonary thromboembolism,
primary pulmonary hypertension, cardiac
diseases, obstructive sleep apnea syndrome, and
neuromuscular diseases) and patients who did not
have single-breath nitrogen elimination test were
excluded from the study.
High resolution computed tomography
All patients underwent HRCT with 512¥512
reconstruction matrix, 120 kVp, 100 mAs and
1.9 seconds scan time (Philips Tomoscan LX,
Amsterdam, the Netherlands). High-resolution
computed tomography images were obtained
from the apex to the base of the lungs in
supine position during forced inspiration with
1 cm section intervals and 1.5 mm slice
thickness. Afterwards, the scans were repeated
during expiration with 2 cm section intervals
and 1.5 mm slice thickness. No contrast
material was injected during HRCT. Standard

window level/width parameters were set to
600-700/100-1500 Hounsfield unit (HU).
High-resolution computed tomography images
were assessed separately by two radiologists who
were blinded to the clinical information of the
patients and presence of five typical radiographic
features suggestive of sarcoidosis was determined
as follows:[12]
1. Air trapping (AT): focal areas of decreased
attenuation in the lung parenchyma
expiratory CT images
2. Nodular pattern: round and self-limited
parenchymal opacities
3. Linear reticular pattern: linear or reticular
opacities which are caused by interlobular
and intralobular septal thickening
4. Ground-glass opacities: Areas with high
attenuation where bronchus, vessels and
airways can be seen; and
5. Fibrosis: Subpleural, well surrounded
air cysts with 1-3 mm thickness
(honeycomb-like cysts), architectural
distortion (displacement of fissures and
bronchovascular bundles) and traction
bronchiectasis (expansion of bronchus and
bronchioles due to elastic tension in the
fibrosis areas.
Presence of more than one dominant feature
was considered “mixed pattern”. The correlation
of the above-mentioned features with the disease
stages and PFT findings were assessed.
Patients in whom air trapping was observed
only in expiratory HRCT were classified as
“Type A”, whereas patients in whom air trapping
was detected in both expiratory and inspiratory
HRCTs were classified as “Type B”.
Air trapping score
The level of parenchymal involvement of each
lung zone was visually scored on a 0-5 scale and
mean AT score was calculated. The differences
in AT scores among different lung zones were
evaluated.
Evaluation of the degree of radiographic
findings in HRCT
The patients were further categorized
into five groups according to the degree of
radiographic features observed in HRCT: 0:
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No evidence of disease; 1: 1-25% involvement
of lung parenchyma; 2: 26-50% involvement of
lung parenchyma; 3. 51-75% involvement of lung
parenchyma; and 4: 76-100% involvement of
lung parenchyma.

was approved by the Ethics Committee of the
Medeniyet University Goztepe Training and
Research Hospital, Istanbul. All patients provided
their informed consent prior to their inclusion in
the study.

Pulmonary function tests
The spirometric assessments (Sensor Medics
Vmax 2130 V6200 6200) of the patients were
performed on the same day as HRCT and the
values were calculated as the percent of the
normal values according to age, sex, and height
of the patient. Diffusion capacity of the lung
for carbon monoxide (DLCO), DLCO/alveolar
ventilation (VA) ratio, total lung capacity (TLC),
and residual volume (RV) were measured with
single-breath nitrogen elimination test. Forced
expiratory volume in one second (FEV1)/forced
vital capacity (FVC) ratio <70%, was accepted
as obstructive pattern, FVC <80% as restrictive
pattern, and RV/TLC >40% as hyperinflation.
A forced expiratory flow (FEF)25-75 lower than
the 60% of the expected value was defined
as decreased maximal mid-expiration flow
(MMF). Diffusion capacity of the lung for
carbon monoxide value lower than 81% of the
expected value was considered decreased.
The correlation between the stage of the
disease, the most commonly observed HRCT
pattern, and AT score was investigated.
Moreover, the association between inspiratory
HRCT patterns, presence and score of TA, and
PFT parameters (i.e. FEV1, FVC, FEV1/FVC,
FEF25-75, TLC, RV, RV/TLC, DLCO, DLCO/VA)
was determined.
Statistical analysis
Statistical package for social science (SPSS)
for Windows version 16.0 (Chicago, Illinois,
United States of America) was used for statistical
analyses. Student’s t-test or Mann-Whitney
U tests were applied for numerical variables,
whereas chi-square, McNemar, or Fisher’s exact
tests were utilized for comparing the percentage
of groups, when applicable. The correlation
between numerical variables was evaluated
with Spearman’s correlation test. Statistical
significance level was set as p<0.05.
Ethics
The study was performed in accordance
with the 2000 Declaration of Helsinki and

RESULTS
General characteristics of the patients
The
diagnosis
of
sarcoidosis
was
confirmed histopathologically in most cases
(n=31; 69%) cases, via mediastinoscopy (n=11),
transbronchial or open lung biopsies (n=8 and
n=2), or via either bronchial mucosa, dermal,
lymph node or lip biopsies; and otherwise based
on radiological findings. According to x-ray
findings, 3 (6.6%), 15 (33.3%), 24 (53.3%), and
3 (6.6%) patients were categorized as stage
0, I, II, and III sarcoidosis, respectively. Of
the patients, 38 (84.4%) were non-smokers.
Corticosteroid
and
hydroxychloroquine
treatments were being administered to 5 (11.1%)
and 4 (8.8%) patients, respectively.
Inspiratory high-resolution computed
tomography patterns
Inspiratory HRCT images of 18 (40%) patients
were normal; 15 patients had nodular, reticular or
fibrosis patterns, while others (n=12) had a mixed
pattern (Table 1).

Table 1. Distribution of the patterns observed in
inspiratory HRCT (n=27)
Inspiratory HRCT patterns

n

Nodular

10

Reticular

2

Fibrosis

3

Mixed

12

Nodular + reticular

1

Nodular + fibrosis

1

Reticular + fibrosis

3

Fibrosis + ground-glass*

1

Nodular + ground-glass + fibrosis

1

Nodular + reticular + fibrosis

3

Nodular + ground-glass + reticular

1

Nodular + ground-glass + reticular + fibrosis

1

HRCT: High-resolution computed tomography; * None of the patients had
this pattern solely.
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Table 2. Comparison of the zones of the lung according to presence of AT
Upper zone*
Zones of the lung

AT (-)

Lower zone†

AT (+)

AT (-)

AT (+)

Mid zone *†
AT (-)

16

1

13

4

AT (+)

8

20

3

28

Lower zone*
AT (-)

14

2

AT (+)

10

19

AT: Air trapping; McNemar test; * 2-way sigma= 0.039; † 2-way sigma= 1.0

Table 3. Pulmonary function test results of the patients (% of the estimated
values)
Mean±SD

Range

FVC

89.5±21.3

36-150
46-155

FEV1

96.7±19.4

FEV1/FVC

77.9±8.4

49-96

FEF25-75

69.2±4.7

14-138

109.4±46.5

42.6-263.7

TLC

98.0±18.2

62.5-143.2

RV/TLC

108.1±32.2

52.6-188

95.0±9.5

60-142

RV

DLCO/VA

SD: Standard deviation; FVC: Forced vital capacity; FEV1: Forced expiratory volume in one second; FEF: Forced
expiratory flow; RV: Residual volume; TLC: Total lung capacity; DLCO: Diffusion capacity of the lung for carbon
monoxide; VA: Alveolar gas volume.

Table 4. Correlation of HRCT patterns and AT scores according to disease
stage
Inspiratory HRCT pattern
AT score

Nodular

Ground-glass

Reticular

r

Disease state vs.

0.236

0.134

0.160

0.173

Fibrosis
0.459

P value

0.499

0.172

0.640

0.482

0.006

HRCT: High-resolution computed tomography; AT: Air trapping; r: Spearman’s correlation coefficient.

Air trapping
In 29 patients, AT was seen on expiratory
HRCT only (Type A), while four patients were
AT (+) on both inspiratory and expiratory HRCT
(Type B). No pathological findings were detected
on inspiratory HRCT in 18 patients, of which
11 had AT on expiratory HRCT. Air trapping
score was 8.1±13.0 (range: 0-65). Air trapping
images were more abundant in the lower/mid
zones of the lungs, compared to the upper zones
(p=0.039) (Table 2).

Pulmonary function test results
Individual assessment of PFTs revealed
obstruction, restriction, mixed, and small airway
obstruction in 6, 4, 1, and 11 patients, respectively;
and 15 patients had decreased DLCO (Table 3).
Relationship between disease stages, HRCT
patterns and air trapping
When the relationship between HRCT patterns
and disease stage were evaluated, presence of
only fibrosis was found to be positively correlated
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97.8±18.9
90.2±17.3

77.7±22.9

85.7±20.4

89.3±17.3

90.5±16.5

108.5±32.9
113.0±51.0
99.8±17.7
76.0±20.5
79.8±6.8
32
Non-fibrosis

95.0±22.0

106.9±31.5
100.0±31.5
93.4±19.4
47.6±29.1**
72.9±10.2*
13
Fibrosis

92.3±28.3

105.3±31.7
106.4±46.2
97.7±18.9
70.5±27.4
78.6±8.6
34
Non-reticular

94.9±24.9

117.3±33.6

108.7±31.2
111.8±47.5

119.3±48.2
98.8±16.5

99.6±17.9
69.3±25.1

59. 4±22.1
75.5±7.5

78.6±8.01

11

92.1±20.3

41
Non-ground-glass

Reticular

95.4±23.3

102.5±45.8
86.2±27.7
82.3±14.7
52.0±37.8
70.0±10.1
82.2±27.8
4
Ground-glass

HRCT: High-resolution computed tomography; PFT: Pulmonary function test; FVC: Forced vital capacity; FEV1: Forced expiratory volume in one second; FEF: Forced expiratory flow; TLC: Total lung capacity; RV: Residual volume;
DLCO: Diffusion capacity of the lung for carbon monoxide; VA: Alveolar gas volume; SD: Standard deviation; * p=0.029; ** p=0.005, vs. non-fibrosis.

87.2±19.8

94.0±18.9

96.8±18.8

98.2±22.5

76.5±19.0
62.0±26.1

88.0±19.2

85.0±20.4
101.9±30.8

112.1±33.0
101.9±30.8
100.3±21.2
67.2±25.0
79.4±6.7
96.1±21.0

Expiratory HRCT of five of the six patients
who had obstruction on PFT demonstrated
AT. Air trapping score was 17.5±22.9 and
6.7±11.5 in patients with FEV1/FVC <70%
and FEV1/FVC ≥70%, respectively. Although
mean AT score was higher among patients with
FEV1/FVC <%70, this difference did not reach
the level of statistical significance (p=0.100).
Similarly, AT score was 16.5±23.6 and 5.2±6.4
in patients with RV/TLC ≥40% and RV/TLC
<40%, respectively; with a difference that
was not statistically significant (p=0.200). AT
was detected in one of the four patients

27

Relationship between pulmonary functions
and air trapping

Table 6. Comparison of the presence of HRCT patterns and PFT results

When the patients were classified in four
groups according to the presence of HRCT
patterns and their PFT results were compared,
the patients with fibrosis pattern demonstrated
significantly lower FEV1/FVC (p=0.029) and
FEF25-75 (p=0.005) values, compared to the
patients without fibrosis (Table 6). When the
correlation between the degree of the four HRCT
patterns and PFT parameters were analyzed, the
fibrosis-only pattern was found to be negatively
correlated with FEV1/FVC and FEF25-75 values
(Table 7).

TLC

Relationship between HRCT and pulmonary
function tests

Non-nodular

RV

with the stage of the disease (r=0.459; p=0.006)
(Table 4). On the other hand, no relationship was
detected between HRCT patterns and AT scores
(Table 5).

99.6±35.10

HRCT: High-resolution computed tomography; AT: Air trapping; SD: Standard
deviation.

94.4±12.1

0.369

68.6±29.1

6.7±8.1

75.4±10.2

12.8±23.1

32

91.3±27.7

13

Non-fibrosis

18

Fibrosis

0.476

Nodular

7.4±11.7

DLCO

41

Mean±SD

Non-ground-glass

RV/TLC

19.8±30.3

Mean±SD

4

Mean±SD

Ground-glass

0.576

Mean±SD

7.0±7.5
9.0±15.9

FEF25-75

11
34

Mean±SD

Reticular
Non-reticular

0.803

Mean±SD

8.1±13.9

FEV1/FVC

9.2±15.1

27

FVC

18

Non-nodular

Mean±SD

Nodular

p

n

Mean±SD

HRTC pattern

n

93.7±19.4

AT score

96.7±20.1

DLCO/VA

Table 5. The association between inspiratory HRCT
patterns and AT scores (n=45)

Mean±SD

HRCT and pulmonary function tests in sarcoidosis
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Table 7. The correlation between the degree of HRCT patterns and PFT
parameters
HRCT pattern
Correlation
PFT

Nodular

Coefficient (r)

Ground-glass

Reticular

Fibrosis

FVC

0.089

-0.15

-0.08

0.60

FEV1

0.017

-0.211

-0.149

-0.257

FEV1/FVC

-0.257

-0.286

-0.198

-0.354*

FEF25-75

-0.001

-0.102

-0.239

-0.440*

TLC

-0.72

-0.284

0.71

-0.165

RV

-0.163

-0.181

0.120

-0.21

RV/TLC

0.215

-0.155

0.155

0.04

DLCO

-0.153

-0.29

0.10

-0.257

DLCO/VA

0.046

0.283

0.062

-0.232

HRCT: High-resolution computed tomography; PFT: Pulmonary function test; FVC: Forced vital capacity; FEV1:
Forced expiratory volume in one second; FEF: Forced expiratory flow; TLC: Total lung capacity; RV: Residual volume;
DLCO: Diffusion capacity of the lung for carbon monoxide; VA: Alveolar gas volume; * p<0.005.

with restriction, one patient with mixed type
respiratory function disorder, and in eight of the
twelve patients with small airway obstruction.
Of the 32 patients who had normal PFT results,
25 had AT. There was no statistically significant
difference between the PFT parameters of the
patients with and without AT on expiratory
HRCT, and no statistically significant correlation
between any of the PFT parameters and AT
score on the expiratory HRCT (Table 8).

DISCUSSION
The results of our study indicated that air
trapping patterns in expiratory HRCT were
not associated with pulmonary function tests,
but may be a useful diagnostic parameter in
assessing the level of parenchymal involvement

Table 8. The correlation coefficients between pulmonary
function test parameters and air trapping scores
r*
FVC

-0.039

FEV1

-0.083

FEV1/FVC

-0.082

FEF25-75

-0.167

RV

0.131

RV/TLC

0.181

DLCO

-0.006

FVC: Forced vital capacity; FEV1: Forced expiratory volume in one second; FEF:
Forced expiratory flow; RV: Residual volume; TLC: Total lung capacity; DLCO:
Diffusion capacity of the lung for carbon monoxide; * None was significant.

of the lungs in sarcoidosis. In addition, it was
observed that, among the imaging patterns on
HRCT, only fibrosis was associated with airway
obstruction.
High-resolution computed tomography is
considered to be the most sensitive radiological
technique, transbronchial lung biopsy may be
required in cases in which HRCT findings are
inconclusive.[9,10,18] AT can be detected with
expiratory HRCT among patients with minimal
or no changes in inspiratory HRCT.[19-21] In
the present study, AT could be detected with
expiratory HRCT in 11 patients with no AT
image on inspiratory HRCT, confirming the
previously published outcomes. [22] Davies
et al.[18] evaluated the radiologic images of
21 patients with sarcoidosis and reported that
all 20 of the patients with AT appearance also
had other parenchymal lesions. Our findings
contradict with those of Davies et al.’s [18] study,
as we have demonstrated that AT image can be
the only sign of parenchymal involvement in
patients with sarcoidosis. Therefore, we suggest
that expiratory HRCT may provide additional
benefit in diagnosing sarcoidosis among patients
with negative inspiratory HRCT findings. AT
develops due to airway obstruction or decreased
pulmonary compliance in sarcoidosis.[20] In the
present study, 33 (73.3%) of 45 patients had AT
on expiratory HRCT. Previous studies reported
this percentage as 83-95%.[22] Magkanas et
al.[22] evaluated the correlation of expiratory

HRCT and pulmonary function tests in sarcoidosis

HRCT findings with inspiratory patterns and
pulmonary function tests, and reported that
83% of the 30 patients had AT on expiratory
HRCT, whereas only 16% had this appearance
on inspiratory HRCT. Similarly, we detected
AT in 87.9% of the patients during expiration
imaging and only 12.1% of the patients had
this image on both inspiratory and expiratory
HRCT. Although it has been well established
that sarcoidosis more frequently affects upper
and middle zones, AT appearance are not
commonly detected in those zones. Magkanas
et al.[22] reported that AT was more common
in the lower zones; however, this difference
did not reach a statistically significant level,
probably due to the low sample size. Similarly,
we detected that AT appearance was more
common in the middle and lower zones, and
this difference was statistically significant. It has
been proposed that wide-spread localization of
the granulomas to the lower lobes of the lungs
can be indirectly visualized as AT appearance.[22]
We also determined the HRCT patterns which
can be associated with AT appearance, however we
could not identify any difference between different
HRCT patterns according to AT zone. Magkanas
et al.[22] reached the same conclusion, as they
were only able demonstrate a weak correlation
between fibrotic pattern and AT score.[22] In
our series, we could not detect any significant
correlation between the stage of the disease and
AT score. On the other hand, there was a positive
correlation between fibrosis pattern and stage of
the disease. This phenomenon can be explained
by the enhanced fibrosis at the advanced stages of
the disease. Recently, one of the most commonly
searched topics is the association between AT
images on expiratory HRCT and PFT. Hansell et
al.[23] detected AT in 40 (89%) of 45 patients and
found a significant correlation between AT and
small airway obstruction. Davies et al.[18] found
significant correlation between AT score and both
RV/TLC and FEF25-75.[23] Similarly, Magkanas
et al.[22] demonstrated a significant correlation
between AT and both RV and RV/TLC. However,
we could not detect any correlation between AT
and PFT parameters.
Studies evaluating the correlation between
the radiologic characteristics of sarcoidosis and
PFT parameters report conflicting results.[20]
Levinson et al.[24] compared chest x-ray findings
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according to PFT in 18 patients and found
PFT deterioration without any changes in chest
X-ray. Austin[25] compared chest x-ray findings
with that of CT and concluded that CT is a
superior technique in demonstrating clinical
and functional deterioration. On the other
hand, in their study, Müller et al.[26] failed to
demonstrate the superiority of CT over chest
X-ray in terms of assessing functional problems.
Despite these conflicting results, most authors
agreed on the advantages of CT over chest
X-ray in demonstrating the presence, extent,
and distribution of parenchymal involvement in
patients with sarcoidosis. However, they also
admitted that CT findings play a limited role in
predicting pulmonary function outcomes. The
association between inspiratory HRCT patterns
and PFT parameters has been evaluated in
sarcoidosis patients by numerous studies. Due to
the utility of HRCT in the evaluation of diffuse
interstitial lung diseases, various patterns have
been analyzed. However, there are conflicting
results regarding the correlation between these
CT patterns and PFT.[27] In 1989 Müller et
al.[10] first assessed the correlation between CT
patterns and clinical, functional, and radiological
findings in 27 sarcoidosis patients. The authors
demonstrated that the degree of the disease in
CT is correlated with dyspnea, TLC, and DLCO.
They also noted that patients with reticular
opacities were more likely to suffer from dyspnea
and had lower DLCO, compared to patients with
nodular lesions. In another study, Remy-Jardin
et al.[27] analyzed the association between CT
parameters and disease activity, functional
changes, and prognosis. These authors could
not find any correlation between the nodular
pattern and PFT results, whereas they reported
a weak but significant correlation with other CT
patterns (consolidation, ground-glass opacity,
and pulmonary distortion). However, Davies
et al.[18] failed to demonstrate any correlation
between HRCT patterns and PFT. Abehsera et
al.[11] reported that sarcoidosis cases with fibrotic
pattern who also have honeycomb appearance
had lower TLC, VC, and DLCO values, whereas
the ones with bronchial distortion had lower
FEV1 and FEV1/FVC. Similarly, we found
significantly lower FEV1/FVC and FEF25-75 values
among sarcoidosis patients in our study with
fibrotic pattern compared to those without such a
finding. Moreover, there was a significant negative
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correlation between the degree of the HRCT
patterns and FEV1/FVC and FEF25-75 values.
Hansell et al.[23] found a significant association
between reticular pattern and airway obstruction.
The authors defined reticular pattern as images
which include honeycomb lung and interseptal
thickening, and concluded that this pattern
indicated fibrotic lung. In our study, we could not
demonstrate any significant correlation between
reticular pattern and PFT parameters. On the
other hand, our findings support those of Hansell
et al.[23] as we defined interseptal thickening as a
component of reticular pattern, while honeycomb
appearance was included in fibrotic pattern.
Noncaseating granulomas of sarcoidosis
become detectable on HRCT images and form a
characteristic appearance when they build up a
conglomerated structure. Although it is suggested
that these granulomas result in restrictive
functional outcomes in most cases, there are also
debates whether or not they may cause airway
obstruction in sarcoidosis cases.[23,28-30] It has been
demonstrated that 70% of chronic sarcoidosis
cases with fibrosis had airway obstruction and
granulomas and/or peribronchial fibrosis causing
airway narrowing and distortion proposed as
the obstructing mechanisms.[31] Abehsera et al.[11]
also suggested that bronchial distortion can be
responsible for airway obstruction. Similarly,
obstruction among the patients with sarcoidosis
who had fibrotic pattern in HRCT images in
our study may be due to the destruction of the
bronchial structure and compression caused by
parenchymal fibrotic changes.
Our findings suggested that expiratory HRCT
is an imaging modality which can provide
additional benefit in the assessment of pulmonary
parenchymal involvement for sarcoidosis patients
who have normal inspiratory HRCT findings.
However, an association between AT score and
PFT parameters could not be demonstrated.
Among all HRCT patterns, only the fibrosis
pattern was negatively correlated with FEV1/FVC
and FEF25-75, indicating airway obstruction.
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