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Evaluation of respiratory bronchiolitis nodules with maximum
intensity projection images
Huseyin Alper Kiziloglu™ ©, Murat Beyhan! @, Erkan Gokce?!

SUMMARY

OBJECTIVE: Respiratory bronchiolitis is a disease associated with heavy smoking. Computed tomography in this disease often shows symmetrical and
bilaterally ill-defined circumscribed centriacinar micronodular involvement in the upper-middle lobes. The maximum intensity projection method is
a kind of image processing method and provides a better evaluation of nodules and vascular structures. Our study aimed to show whether maximum
intensity projection images increase the diagnostic accuracy in the detection of micronodules in respiratory bronchiolitis.

METHODS: Two radiologists with different experiences (first reader: 10-year radiologist with cardiothoracic radiology experience and second reader:
nonspecific radiologist with 2 years of experience) reviewed images of patients whose respiratory bronchiolitis diagnosis was supported by clinical
findings. The evaluation was done independently of each other. Both conventional computed tomography images and maximum intensity projection
images of the same patients were examined. The detection rates on conventional computed tomography and maximum intensity projection images
were then compared.

RESULTS: A total of 53 patients were evaluated, of whom 48 were men and 5 were women. The first reader detected centriacinar nodules in 42
(79.2%) patients on conventional computed tomography and centriacinar nodules in all 53 (100%) patients on maximum intensity projection images.
The second reader detected centriacinar nodules in 12 (22.6%) patients on conventional computed tomography images and in 48 (90.6%) patients
on maximum intensity projection images. For the less experienced reader, the detection rate of micronodules inrespiratory bronchiolitis in maximum
intensity projection images increased statistically significantly (p<0.001).

CONCLUSION: Maximum intensity projection images in respiratory bronchiolitis increase the detectability of micronodules independently of the
experience of the radiologist.
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INTRODUCTION be considered in the radiological differential diagnosis of RB.
Smoking is one of the leading causes of preventable death world- The absence of a positive relationship between hypersensitivity
wide. Smoking mainly causes lung cancer and chronic obstruc- pneumonia and smoking, the presence of a history of organic
tive pulmonary disease in the lung. In addition, smoking both antigen exposure, and lymphocytosis in the bronchoalveolar
increases the susceptibility to lung infection and accelerates lavage (BAL) fluid contribute to its differentiation from RB.
lung fibrosis. Smoking also causes some non-neoplastic lung Nonspecific findings are seen in BAL in RB".
diseases such as desquamative interstitial pneumonia (DIP), Computed tomography technology has shown a rapid
respiratory bronchiolitis (RB), RB-associated interstitial lung development process in recent years. The maximum intensity
disease (RB-ILD), and Langerhans cell histiocytosis (LCH)". projection (MIP) method, which is a not very new reconstruc-
Respiratory bronchiolitis is one of the non-neoplastic lung tion technique, is especially helpful in the evaluation of pul-
diseases associated with smoking. Histopathological presence in monary vascular structures and micronodules®. In this tech-
the lungs of smokers was first demonstrated in 19742 The main nique, voxels with the highest attenuation value for each slice
histological finding in RB is peribronchial pigmented macro- are projected onto a two-dimensional image. MIP and min-
phage accumulation. Although classical computed tomographic imum intensity projection (MinIP) images are a simplified
(CT) findings of RB are variable, ill-defined centrilobular version of the volume rendering technique. MIP images are
micronodules and bronchial wall thickenings are frequently particularly suitable for analyzing superposed complex ana-
detected?. In addition, areas of varying degrees of ground glass tomical structures with small volumes. In the literature, there
density can be seen on CT. Hypersensitivity pneumonia should are studies comparing conventional CT and MIP images in
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Respiratory bronchiolitis nodules with maximum intensity projection images

the detection of micronodules*®. However, there is no study
in the literature showing the diagnostic contribution of MIP
examination by radiologists with different experiences to a
specific micronodular disease. The main indications for the
use of MIP images in the lung window are that it is used to
evaluate mild form micronodular lung infiltrates, bronchial
diseases, pulmonary microcirculation anomalies, and mild
form lung heterogeneity®.

In our study, it is evaluated whether MIP images, which
are a known technique in the detection of RB and RB-ILD,
which are common in the community and cause a relatively
mild clinical course associated with smoking, are more sensi-

tive than conventional images.

METHODS

The study was carried out retrospectively and the study was
started after the approval of the local ethics committee dated
11.03.2022 and numbered 22-KAEK-237. Our study was car-
ried out according to the “Helsinki Declaration.”

Case selection

Patients who underwent high-resolution thorax CT (HRCT)
between January 2019 and September 2022 and who had a
smoking history were included in our study. Lung biopsy was
not performed on the patients. Patients with clinical and radio-
logical findings suitable for RB and RB-ILD were included
in the study. Conditions mimicking RB and RB-ILD images
were not included in the study. For this purpose, cases with
lymphocytosis in BAL fluid and with organic antigen exposure
were not included in the study even if they had appropriate
clinical and radiological findings. In addition, other diseases
with micronodular involvement were not included in the study.
For this purpose, clinical cases suitable for miliary tuberculo-
sis were excluded. Also, cases of sarcoidosis were not included.
In addition, due to the possibility of pneumoconiosis, attention
was paid to occupational anamnesis, and cases with a history
of exposure were excluded. In addition, patients whose HRCT
examination was not of optimal quality (not breathing prop-
erly, patients in motion, imaging that did not cover the entire

lung in the examination area) were not included in the study.

High-resolution thorax computed tomography
technique and protocol

The images of the patients were obtained using a 64-slice
CT device (GE Optima CT660) with a speed of 0.5 s in a
helical scanning type bone algorithm with a section thick-
ness of 0.625 mm. In technical parameters, it produced 350

2

milliampere-seconds (mAs) and 120 kilovoltage peak (kVp)
X-ray. Collimation was of 1 mm thick. The mean X-ray expo-
sure time was 3.13 s. Although the field of view ratio was man-
ually adjusted from patient to patient, it was adjusted according
to the Large Body option before the examination. The dose
length product (DLP) body was set to 386.74 mGyxcm at 32
cm Phantom. The examination was obtained from the level
of the thyroid gland in the neck region to the inferior of the
costophrenic sinuses, while the patient was in the supine posi-
tion and in deep inspiration. No contrast agent was used for
the examination. Adjustment of MIP images was obtained by
automatically reconstructing 10-mm slab thickness axial and

coronal images in the workstation.

Image evaluation

The images were analyzed by two radiologists with different
experiences (first reader with 10 years of experience in cardio-
thoracic radiology and second reader with 2 years of experi-
ence as nonspecific radiologist). Images were evaluated from a
21.3-inch 3MP IPS Screen medical monitor via Sectra IDS 7
PACS (Picture Archiving and Communication Systems). Both
readers reviewed independently. First, whether they detected
centriacinar nodules for each patient on conventional CT
images was recorded. One month after the conventional CT
images of all patients were examined, MIP images were exam-
ined. Then, whether they detected centriacinar nodules on MIP
images was recorded. Conventional CT and MIP images were
evaluated by both radiologists on axial and coronal images.
Conventional and MIP images were evaluated at the same
window level (WL) and same window width (WW) in the
lung parenchyma window (WW=1500 HU, WL= -650 HU).

Statistical analysis

The Windows SPSS 20 package program was used for the
statistical analysis of data. Categorical measurements were
summarized as numbers and percentages, and continuous
measurements were summarized as mean, deviation, and mini-
mum-maximum. The normality of distributions was evaluated
using the Kolmogorov-Smirnov and Shapiro-Wilk W tests.
The independent samples t-test was used as our data showed
a normal distribution. p<0.05 was considered statistically sig-
nificant. Detection rates of centriacinar nodules for the first

and second readers were examined using the McNemar test.

RESULTS

A total of 53 patients were included in our study, of whom
48 (90.6%) were males and 5 (9.4%) were females. The mean
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age of the patients was calculated as 61.6+11.6 (3888 years).
All of the patients were smokers, and the average smoking
rate was 34+11.4 packs/year (2080 packs/year). The mean
age of the male patients was 61.2£11.6 years, and the mean
smoking rate was 34.9+11.6 packs/year. The mean age of the
female patients was 66x11.7 years, and the mean smoking
rate was 2615.4 packs/year (Table 1). There was no statisti-
cally significant difference between male and female patients
for age and smoking variables in RB patients (p=0.386 and
p=0.1, respectively).

The first reader (a cardiothoracic radiologist with 10 years of
experience) detected centriacinar nodules in 42 (79.2%) of 53
patients on conventional CT images and centriacinar nodules
in all 53 (100%) patients on MIP images (Figures 1A and B).

Table 1. Number of patients, smoking, and age.

Smoking (packs/
[+)
- Number (%) | Age(years)+SD year)+SD

Male 48 (90.6) 61.2£11.6 34.9£11.6
Female 5(9.4) 66+11.7 2654
Total 53(100) 61.6+£11.6 34+11.4

SD: standard deviation.

Figure 1. (A) In a 57-year-old male patient with a 35 packs/year
smoking history, ill-defined centriacinar nodules were detected on
a conventional axial computed tomography scan. (B) Centriacinar
nodules are more demonstratively observed in the maximum intensity
projection images of the same patient.

The second reader (a nonspecific radiologist with 2 years
of experience) detected centriacinar nodules in 12 (22.6%)
of 53 patients on conventional CT images and centriacinar
nodules in 48 (90.6%) patients on MIP images (Table 2).
When the first and second readers were compared in the
detection rate of nodules in the evaluation of conven-
tional images, the first reader was able to detect nodules
at a statistically significant rate (p<0.001). In the evalua-
tion of MIP images, a comparison of the first and second
readers in the detection rate of nodules could not be made
statistically because the first reader detected all nodules
at a higher rate in MIP images. For the first reader, a sta-
tistical comparison could not be made in the detection
of nodules in conventional and MIP images, as all nod-
ules were detected in MIP images, but an increase in the
detection rate of nodules in MIP images was observed.
In the comparison of conventional and MIP images, it
was observed that the detection rate of nodules for the
second reader was statistically significantly higher in MIP
images (p<0.001).

Ill-defined centrilobular micronodules were observed in
all patients (100%). In addition, areas of ground glass den-
sity in 31 (58.4%) patients, mosaic perfusion areas (patch-
like hypotenuation areas) in 26 (49%) patients, bronchial
wall thickening in 35 (66%) patients, emphysema areas in
30 (56.6%) patients, and subpleural reticulations in 5 (9.4%)
patients were observed. In the craniocaudal distribution of the
findings, upper-middle zone dominance was observed in 41
(77.3%) patients, while zonal dominance was not detected in
12 (26.7%) patients. It was found that the involvement was
bilateral in all patients (100%).

DISCUSSION

In our study, in which we examined the contribution of MIP
images to the diagnostic accuracy in detecting micronod-
ules in diseases such as RB and RB-ILD that form ill-defined

Table 2. Detection rates of first and second readers’ micronodules on conventional computed tomographic images and maximum intensity

projection images.

Conventional images MIP images
p-value

%

Detected 42 79.2 53 100 Coulld fst b=
First reader
Not detected 11 10.8 0 0 calculated
Detected 12 22.6 48 90.6
Second reader <0.001
Not detected 41 774 5 9.4
MIP: maximum intensity projection.
3
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micronodules in the lung, we were able to show that MIP
images increase the detection rate of radiologists regardless
of experience. There are studies in the literature showing that

479 and

MIP images have a higher rate of detecting nodules
the importance of MIP images in detecting especially small
nodules has been emphasized'®. However, we have shown for
the first time, independent of the radiologist’s experience, that
MIP images increase the detectability of micronodules for a
specific disease such as RB.

Maximum intensity projection images consist of axial
slab volumetric data and have two important advantages.
The first is to ensure that nodular structures adjacent to
vascular structures are clearly discerned in a single image.
Second, although it reduces the number of slices available,
it does not lose spatial resolution for a single MIP slab.
However, it should not be forgotten that there is data loss
in MIP reconstruction. In a study, 5 mm MIP slab thick-
ness and 1 mm HRCT and conventional CT micronodule
detection were compared. In this study, MIP images of 5
mm slab thickness detected micronodules at the highest rate
with 100% sensitivity’. However, in another study, 30 mm
slab thickness MIP images were evaluated, and the nodule
detection rate decreased due to the superposition of pulmo-
nary vascular structures to the nodules''. In our study, we
evaluated 10 mm slab thickness MIP images. Both readers
detected a higher rate of micronodules in MIP images than
in conventional images. A statistically significant increase
was found in MIP images, especially for the less experi-
enced radiologist.

In the literature, the classic HRCT image of RB has been
described as bronchial wall thickening, ill-defined centri-
lobular nodules, and ground glass areas'*'. Involvement
in RB is more prominent in the upper zones. Lung fibrosis
and honeycombing are uncommon. Findings are usually
observed predominantly in the upper zone. Ground glass
areas are bilateral, and patchy involvement is observed®.
We also found similar findings on conventional CT images.
We were able to show the nodules more demonstratively in
MIP images. In RB, peripherally located ground-glass den-
sities can be observed in the lower lobes with overlapping
findings with DIP, another form of smoking-related bron-
chiolitis'. Due to the presence of ill-defined centrilobular
nodules, RB is most often confused with subacute hyper-
sensitivity pneumonia'®. In differential diagnosis, a strong
association between smoking history, nonspecific findings
in BAL (lymphocytosis is observed in BAL in hypersensi-
tivity pneumonitis), and the absence of organic antigen
exposure is observed.

4

In some cases, other diseases with micronodular involve-
ment may also be included in the differential diagnosis of
RB. In this case, attention is paid to the patient’s history,
involved lung zone, symmetrical or asymmetrical involve-
ment. In addition, attention is paid to the perilymphatic,
centrilobular, and random involvement of micronodules.
For example, inorganic material exposure is observed in
pneumoconiosis and its subtype silicosis. In pneumoconi-
osis, the nodules are more sharply circumscribed and sym-
metrically located in the upper lobes. Nodules are frequently
observed in the posterior parts of the lung. In miliary tuber-
culosis, unlike RB, the nodules are randomly distributed
and all lobes are uniformly affected. In sarcoidosis, nodules
are observed in the perilymphatic region and there is asym-
metric involvement!.

A strong relationship between RB and smoking is men-
tioned in the literature>'. All of our patients have a strong
smoking history. However, in the literature, besides smoking,
soldering smoke, diesel smoke, and fiberglass are also included
in the etiology'®".

The limitations of our study are as follows: the patients
were not confirmed by biopsy, the number of patients studied
was low, the number of radiologists who evaluated them was
low, and MIP images with a thickness of 5 mm slabs were not
studied in the search for nodules.

CONCLUSION

In patients presenting with a micronodular pattern such as
RB, MIP images increase the detectability of micronodules
independently of the experience of the radiologist. The inclu-
sion of MIP images in the protocol will increase the accuracy
of diagnosis when evaluating the HRCTs of the cases in which
micronodules are investigated. We hope that the number of
studies supporting our study will increase and the contribution
of other advanced reconstruction techniques to the diagnosis

of lung diseases will be investigated.
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