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Abstract: Aim of the work: This study aims to estimate the role Multi-detector CT Minimum Intensity Projection 
and Volumetric High Resolution CT Images in Diagnosis of Interstitial Lung Diseases. Patients and Methods: It is 
a cross sectional study carried out at Al-Zahraa University Hospital. It recorded data concerning assessment of 
Interstitial Lung Diseases with Multi-detector CT Minimum Intensity Projection and Volumetric High Resolution 
CT during the period from January 2019 to October 2019. The study included 20 patients; suspected or diagnosed of 
having Interstitial Lung Diseases. The scans were performed using 84-MDCT scanner. Scans were acquired at end 
inspiration with patients placed in the supine position. No contrast medium administered Conventional HRCT 
images and MinIP Images were interpreted together and the results of HRCT and MinIP images were compared with 
HRCT considered as the study reference in our work since it is the well-established technique in the diagnosis of 
ILD in literature and in most institutes. Results: A total number of 20 patients (7 males and 13 females) with various 
confirmed or suspected diagnoses including 11 IPFs, 2 Sarcoidosis, CILD, PLCH, NSIP, LAM and HP. Diagnoses 
were made based on CT characteristic findings, associated CT findings and clinical history. MinIP added value to 
the assessment in some finding more evident than others such as GGOs, bronchiectasis, cysts and honeycombing 
more than fibrotic and high density changes. Conclusion: MinIP is one of the multiplanar techniques of HRCT. It 
proved throughout our study to be an informative complementary tool increasing the observer confidence and 
agreement regarding some findings as compared with HRCT alone.  
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1. Introduction 

Interstitial lung diseases (ILDs) comprise around 
200 different rare diseases that are mostly associated 
with high mortality (1) and display considerable 
variation in terms of clinical course, treatment and 
prognosis. Broadly speaking, they can be subdivided 
into those with an identifiable cause and those 
without; the latter being referred to as idiopathic 
interstitial pneumonias. Clinical assessment aims to 
identify a possible cause; screening for features of 
systemic disease (eg connective tissue disease) or 
environmental triggers. Relevant exposures include 
pneumotoxic drugs, radiation therapy, occupational 
exposures (eg asbestosis) or implicated allergens 
(hypersensitivity pneumonitis) (2). Proper 
classification of interstitial lung diseases (ILDs) 
requires multidisciplinary expertise with input from 
pulmonologists, thoracic radiologists, and lung 
pathologists. Despite this coordinated effort, some 
patients cannot be confidently classified with a 
specific ILD subtype (3). The diagnosis of an ILD 
involves questioning the patient about their clinical 
history, a thorough physical examination, pulmonary 
function testing, a chest X-ray and a CT scan. (4). 
Computed tomography (CT) is the most important and 

valuable radiological modality to detect, analyze and 
diagnose diffuse interstitial lung diseases, based on the 
unsurpassed morphological detail provided by high-
resolution CT technique (5). High resolution computed 
tomography (HRCT) is generally considered to be the 
most appropriate protocol, due to the specific radiation 
attenuation properties of the lung tissue (4). 
Traditionally CT and HRCT were strongly 
differentiated with the latter being defined by a section 
thickness of <1.5 mm and the use of an edge-
enhancing high-resolution reconstruction kernel (5). 
Several developments have contributed to the fact that 
over the last years, discontinuous HRCT acquisition 
has been increasingly replaced by volumetric data 
acquisition: 1) Modern MDCT scanners allow for 
acquisition of volumetric HRCT with high image 
quality at acceptable dose levels, 2) Modern scanners 
perform faster, allowing for a single continuous scan 
in deep breath-hold instead of acquiring discontinuous 
slices with multiple scans that require repetitive 
breath-hold maneuvers, 3) Volumetric 2D and 3D 
display techniques such as multiplanar reconstructions 
(MPR), maximum and minimum intensity projections 
(MIP and MinIP), as well as advanced volumetric 
quantification techniques became only possible with 
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continuous volumetric data acquisition, 4) Volumetric 
scans allow for an easier and also more precise 
comparison of disease development over time, 5) 
Volumetric scans will also capture subtle and focal 
disease, potentially missed when data are acquired. 
(6). New MDCT (multi-detector computed 
tomography) multiplanar volumetric rendering 
techniques of the chest enable better visualization and 
provide more diagnostic capabilities. They allow more 
exploration of the fine anatomical details and are now 
widely available. Still not all radiologists are familiar 
with such techniques; therefore, they are not fully 
utilized in daily clinical practice. (7). 
 
2. Patients and Methods 
2.1. Patients 

The study was approved by the hospital’s ethical 
committee, 20 patients (7 males and 13 females) with 
various confirmed or suspected ILD diagnosis cross 
sectional study that took place over the duration from 
January 2019 to October 2019. All patients were sent 
to do HRCT of the chest as a part of the diagnostic 
process to investigate the possibility of ILD or to 
monitor the treatment response and the disease. 
2.2. Methods 

HRCT and reconstruction of MinIP images were 
performed for all patients in the radiology department 
of Al-Zahraa hospital- Al-Azhar University. 

The scans were performed using Toshiba 160-
MDCT scanner. Scans were acquired at end 
inspiration with patients placed in the supine position. 
No contrast medium administered. The scout was 
taken during holding breath in full inspiration using 
parameters of 120 kV and 25 mA. The scan 
parameters were as follows: slice thickens 1 mm, 
interval 0.7 mm, pitch 1.5, gantry tilt 0, FOV 
depending on the patient’s size, kV 120, mAs130, 
rotation time 0.5 s and total exposure time was 8–10 s. 
The scan covered the whole thorax. Following 
acquisition, the acquired images were transferred to 
the post-processing workstation. MinIP coronal 
images were reconstructed then coronal reformatted 
images were obtained using almost the same kV and 
mA used in the conventional HRCT with special 
emphasis on the central airways and the lower lobes. 
2.3. Image evaluation and data analysis 

Conventional HRCT images and MinIP Images 
were interpreted together and the results of HRCT and 
MinIP images were compared with HRCT considered 
as the study reference in our work since it is the well-
established technique in the diagnosis of ILD in 
literature and in most institutes. 

The main items that were compared in both 
techniques are: 

 Ground-glass opacities. 
 Fibrotic changes. 

 Reticular opacities. 
 Honeycombing. 
 Cysts. 
 Nodules. 
 Consolidation. 

2.3. Data Collection and Analysis 
The collected data were organized, tabulated and 

statistically analyzed using SPSS software statistical 
computer package version 22 (SPSS Inc., USA). For 
quantitative data, the mean and standard deviation 
(SD) were calculated. Qualitative data were presented 
as number and percentages. 
 
3. Results. 

The study included 20 patients (13 females to 7 
males) which is 65% to 35%. The age of participating 
patients is ranging from 38 to 80 years old with mean 
61 years old and 11.6 Standard Deviation.  

The related operations represent only 5 % of the 
cases while the comorbidities found in 65 % of them 
and the occupational/environmental or smoking 
exposure represent 15% of the cases.  

The distribution and predominance in interstitial 
lung diseases varies according to the possible 
diagnosis. It is more predominant in the upper lobe in 
chronic sarcoidosis, hypersensitivity pneumonitis, 
pneumoconiosis and Langerhans cell histiocytosis. It 
is more predominant in the lower lobe in UIP (IPF), 
connective tissue diseases and asbestosis. While in 
advanced extensive fibrosis, it is equal throughout the 
lungs. 

 

 
Figure (1): Distribution and predominance. 
 
Ground-glass opacities were better visualized in 

MinIP images being seen in 42%, equal in both in 
42% and more evident in volumetric HRCT only 16% 
of the cases. Traction fibrotic bronchiectasis was seen 
in 60% of the cases and was more evident in the 
MinIP images (seen in 100% of cases) than in those of 
conventional HRCT images. Regarding the cystic lung 
changes reported in our study; they were seen in 45% 
of the cases and it was noted that MinIP was ahead of 
HRCT in visualizing the lucencies of the cysts only in 
77.8% of cases but not their walls. Other lung findings 
were seen in 85% and more evident in volumetric 
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HRCT in 76.5% of cases. The associated mediastinal 
findings are seen in 55% of cases and more evident in 

HRCT in 54.5% of cases. 

 

 
Figure (2): Findings in HRCT and MinIP. 

 
The ground glass opacity is seen in most of the 

cases varying form patchy veiling to diffuse. It is 
noted that when the fibrosis is extensive, the GGO is 
more evident in MinIP projection images. The fibrotic 
changes and reticular opacities are seen more evident 
in the Volumetric HRCT. In the MinIP, they are much 
less evident. The decreased attenuation patterns are 
generally more evident in the MinIP and the walls are 
more evident in Volumetric HRCT. Based on that, in 
the cases where there are multiple adjacent cysts the 
walls are not well visualized in MinIP so the cysts take 
a bizarre shape. The associated lung findings 
considered are architectural distortion, peribronchial 
fibrosis, nodules and pleural thickening. The 

associated mediastinal findings and others considered 
lymphadenopathy, cardiomegaly, atherosclerosis, 
pulmonary HTN, esophageal dilatation dorsal spine 
spondylo-degenerative or thyroiditis. 

The possible diagnosis was based upon the 
clinical history and CT radiological criteria including 
the distribution, fibrosis, honeycombing, traction 
bronchiectasis, other cystic changes and associated 
findings. It is found that in the 20 cases there are 11 
(55%) with possible IPF while the others are thought 
to have other types of the interstitial lung diseases 
including sarcoidosis, CILD, PLCH, NSIP, LAM and 
HP. 

 
Table (1): Possible Diagnoses. 

 
N % 

Idiopathic Pulmonary Fibrosis (IPF) 11 55.0% 
Sarcoidosis 2 10.0% 
Interstitial lung disease associated with autoimmune thyroiditis (ILD-AT) 1 5.0% 
Lymphangioleiomatosis (LAM) 1 5.0% 
Non Specific Interstitial Pneumonia (NSIP) 1 5.0% 
Pulmonary Langerhans Cell Histiocytosis (PLCH) 1 5.0% 
Sarcoidosis/IPF 1 5.0% 
Connective Tissue (Scleroderma) ILD (CILD) 1 5.0% 
Hypersensitivity Pneumonitis (HP) 1 5.0% 

 
Figure (4) explain the role of Volumetric HRCT 

and MinIP projection in assessing each IPF finding 
separately. The GGO was seen in all cases of possible 
IPF and was more evident in MinIP in 36.4% to only 
18.2% more evident in volumetric HRCT and 45% 
equal in both. Traction fibrotic bronchiectasis was 

seen in 82% of the cases and was more evident in the 
MinIP images (seen in 100% of cases) than in those of 
conventional HRCT images. The other cystic lung 
changes were seen in 54% of the cases and it was 
noted that MinIP was ahead of HRCT in visualizing 
the lucencies of the cysts only in 83.3% of cases but 
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not their walls. The fibrotic changes and reticular 
opacities are seen more evident in the Volumetric 
HRCT in 80% of cases. In the MinIP, they are much 

less evident. The associated mediastinal findings are 
seen in 36% of cases and more evident in HRCT in 
75% of cases. 

 
 
 
 

 
Figure (3): Possible Diagnoses. 

 

 
Figure (4): Volumetric HRCT & MinIP findings in IPF. 
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Figure (6): A 60 year old male patient (known ILD) presented with dyspnea and productive cough, no fever, no history of 
trauma, no related operations and no comorbidities. Axial Section and coronal reconstruction of non-contrast CT chest scan (a, c). 
Volumetric HRCT shows extensive fibrosis, bilateral apical minimal pneumothorax, cardiomegaly and dilated pulmonary artery; 
note that bronchiectasis is more evident at (b, d) MinIP projection in addition to other low attenuation patterns. 

 

 
Figure (7): A 48 years old female (known Lymphangioleiomyomatosis) presented with dyspnea, there is history of left 
nephrectomy due to benign mass lesion (Angiomyolipomas) with ectopic malrotated right kidney and hepatic focal lesions of 
benign nature Axial Section and coronal reconstruction of non-contrast CT chest scan (a, c) Volumetric HRCT shows multiple 
variable sized thin walled cystic lesions seen distributed throughout both lung fields; note how the cystic lesion are more evident 
in (b, d) MinIP projection images even small cysts that could not be visualized in HRCT are visible in MinIPs. 
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Figure (8): A 42 years old female patient (known sarcoidosis) is presented by dyspnea. Axial Section and coronal 
reconstruction of non-contrast CT chest scan (Case 9) (known sarcoidosis) shows (a, c) Volumetric HRCT shows 
bilateral apical Reticulonodular infiltrates, mild bronchial tree dilation with peribronchial thickening. The cystic 
changes are better visualized in the (b, d) MinIP images. 

 
 

4. Discussion: 
In our study we incorporated MinIP images in 

each HRCT exam as an additional complementary 
tool, in order to reach an accurate diagnosis in the 
assessment of different types of ILD based on its value 
in distinguishing the difference in attenuation of the 
lung parenchyma and in better visualization of air-
filled structures, mainly the bronchial tree, especially 
those affected by fibrosis leading to traction 
bronchiectasis and bronchiolectasis. We compared the 
positive findings in the HRCT and in the MinIP 
images. During our study, MinIP proved to be an 
excellent tool in visualization of traction 
bronchiectasis and bronchiolectasis resulting from 
fibrotic changes. The dilated airway structures were 
more evident in the MinIP images compared to the 
HRCT ones and those at the periphery were easily 
detected in MinIP images. This agrees with the 
conclusion of Semple et al. (8) and also agrees with y 
Milliron et al. (9) article in the Annual General 
Assembly of the Royal Belgian Society of Radiology. 

In our study, cases showing areas of ground-glass 
opacities and mosaic attenuation pattern of the lung 
parenchyma were better visualized in the MinIP 
images in 42% of cases and equally visualized in both 
in 42% while more evident in Volumetric HRCT in 
only 16% of cases. 

 This agrees with Ghonge and Chowdhury 
(10) study. While the. Sabri et al. (7) study showed 

that Mosaic attenuation and ground-glass opacities 
were seen in78% of cases and better visualized in 
MinIP images being seen in 66.6% and 80.3% 
respectively of the cases which is higher than our 
results by 20% to 40% respectively but still in favor of 
MinIPs. 

Regarding the cystic changes of the lungs 
included LAM and PLCH patients in addition to cases 
showing honeycombing, MinIP showed great value. In 
the lymphangioleiomyomatosis case, multiple variable 
sized cysts having thin walls against the normal lung 
parenchyma were seen. They are more evident in 
MinIP projection images compared to HRCT. 
Furthermore, MinIP could detect smaller cysts that 
were not seen in the HRCT. This agrees with García-
Peña et al. (11). 

In the case of possible pulmonary Langerhans’ 
cell histiocytosis; it showed bizarre shaped cystic 
lesions with relatively irregular thickened walls; that 
were accurately seen in the HRCT images, while 
MinIP was not informative as the thickened walls 
were not detected. However, MinIPs were not valuable 
in detecting the walls of the cysts or honeycombing 
changes. 

The honeycombing changes which are 
pathognomonic findings in UIP (Usual interstitial 
pneumonia) and can confirm the diagnosis of IPF 
(Idiopathic interstitial pneumonia) if combined with its 
clinical features. The lucencies were better visualized 
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in the MinIPs while their thick walls and the 
surrounding fibrosis were better visualized in HRCT. 
We considered the lucencies as the honeycombing to 
be assessed while the fibrotic changes are assessed 
under separate category. This agrees with the Hovinga 
et al. (5) study while in the Sabri et al. (7) study 
results that the honeycombing was accurately 
visualized in HRCT images showing different forms 
of lung fibrosis and architectural distortion, however, 
it was hardly detected in MinIP images which was not 
able to delineate their thickened walls. 66% of the 
cases were more evident in HRCT images and 33% 
equal in both.  

The fibrotic changes and reticular opacities are 
seen more evident in the Volumetric HRCT (more 
than 90% of cases). In the MinIP, they are much less 
evident. 

Additional lung findings including the 
architectural distortion, peribronchial fibrosis, nodules 
and pleural thickening are seen (one or more) in 85% 
of cases being more evident in volumetric HRCT in 
76.5% of cases. This agrees with Raoof et al. (12) and 
jia Li et al. (13).  

The possible diagnosis was based upon the 
clinical history and CT radiological criteria including 
the distribution, fibrosis, honeycombing, traction 
bronchiectasis, other cystic changes and associated 
findings. This agrees with Meyer (14). In our study, it 
was found that in the 20 cases there are 11 (55%) with 
possible IPF while the others are thought to have other 
types of the interstitial lung diseases including 
sarcoidosis, CILD, PLCH, NSIP, LAM and HP. 

The diagnosis of a possible IPF (UIP pattern) on 
HRCT was based on the presence of bilateral, 
predominantly subpleural, basal reticular characteristic 
findings and the absence of additional features 
considered incompatible with a diagnosis of IPF. In 
2018, the American Thoracic Society (ATS), 
European Respiratory Society (ERS), Japanese 
Respiratory Society (JRS), and Latin American 
Thoracic Society (ALAT) published a clinical practice 
guideline on the diagnosis of idiopathic pulmonary 
fibrosis (IPF), updating guidelines from 2011. The 
new guidelines 1) used systematic reviews to inform 
each recommendation in strict accordance with the 
Institute of Medicine Standards for Trustworthy 
Guidelines, 2) eliminated the radiological categories of 
“possible UIP pattern” and “inconsistent for UIP 
pattern” and the pathological categories of “possible 
UIP” and “nonclassifiable fibrosis,” and 3) refined the 
radiological and pathological patterns of “UIP” and 
defined “probable UIP” and “indeterminate for UIP.” 
The overriding goal of the guidelines was to help 
clinicians diagnose IPF more accurately, thereby 
facilitating appropriate treatment, as described in the 

2015 guidelines for the treatment of IPF (Raghu G et 
al., 2019). (15). 
 
5. Conclusion: 

HRCT is the imaging modality of choice in the 
evaluation process of ILD. Proper utilization of its 
technical capabilities provides precise interpretation. 
MinIP is one of the multiplanar techniques of HRCT. 
It proved throughout our study to be an informative 
complementary tool increasing the observer 
confidence and agreement regarding some findings as 
compared with HRCT alone. We recommend adding it 
as a complementary tool in the routine HRCT protocol 
in the diagnostic process of ILD. 
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