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SUMMARY: 25 
The aim of this protocol is to provide a time efficient way to segment volumes of interest on high-26 
resolution CT scans to use for further radiomics analysis. 27 
 28 
ABSTRACT:  29 
Segmentation is a complex task, faced by radiologists and researchers as radiomics and machine 30 
learning grow in potentiality. The process can either be automatic, semi-automatic, or manual, 31 
the first often not being sufficiently precise or easily reproducible, and the last being excessively 32 
time consuming when involving large districts with high-resolution acquisitions.  33 
 34 
A high-resolution CT of the chest is composed of hundreds of images, and this makes the manual 35 
approach excessively time consuming. Furthermore, the parenchymal alterations require an 36 
expert evaluation to be discerned from the normal appearance; thus, a semi-automatic approach 37 
to the segmentation process is, to the best of our knowledge, the most suitable when segmenting 38 
pneumonias, especially when their features are still unknown. 39 
 40 
For the studies conducted in our institute on the imaging of COVID-19, we adopted 3D Slicer, a 41 
freeware software produced by the Harvard University, and combined the threshold with the 42 
paint brush instruments to achieve fast and precise segmentation of aerated lung, ground glass 43 
opacities, and consolidations. When facing complex cases, this method still requires a 44 
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considerable amount of time for proper manual adjustments, but provides an extremely efficient 45 
mean to define segments to use for further analysis, such as the calculation of the percentage of 46 
the affected lung parenchyma or texture analysis of the ground glass areas.  47 
 48 
INTRODUCTION: 49 
In the current year, the world is facing a health emergency, the pandemic caused by the novel 50 
Coronavirus, Sars-CoV2. Even if, up to the present date, many aspects regarding the 51 
physiopathology of the COVID-19 infection are still unclear, it shares several characteristics with 52 
its “ancestors” SARS1 and MERS. In particular, it has been proven that the virion spike proteins 53 
interact with the Angiotensin Converting Enzyme Type-2, a receptor well represented on the 54 
alveolar endothelial cells, but ubiquitous in the human organism, thus having the potentiality to 55 
give systemic symptoms1.  56 
 57 
For diagnosis, the current standard is the real-time reverse transcriptase-polymerase chain 58 
reaction (rt-PCR), a test performed on pharyngeal swabs. Although radiological imaging is not 59 
officially recognized in the diagnostic path for the detection of the disease, high resolution 60 
computed tomography (HRCT) proved to be a valuable aid to the clinical and epidemiological 61 
management of affected patients, due to the relatively low sensitivity of the rt-PCR, the current 62 
scarcity of specialized laboratories and of the necessary reagents, and the high operator-63 
dependency.  64 
 65 
The Radiological Society of North America (RSNA) released a consensus statement, endorsed by 66 
the society of Thoracic Radiology and the American College of Radiology (ACR), that classifies the 67 
CT appearance of COVID19 into four categories in order to standardize the reporting, dividing the 68 
interstitial pneumonia patterns into “typical”, “atypical”, “indetermined”, and “negative”2. 69 
 70 
The “typical” pattern is characterized by the presence of round-shaped Ground Glass Opacities 71 
(GGO), usually with a sub-pleural location on the dorsal basal segments. The GGO can be 72 
associated with “Crazy Paving” areas of thickened septa, or other signs of organizing pneumonia. 73 
The “indetermined” pattern is characterized by the absence of the “typical” pattern findings, with 74 
diffuse GGO areas with a perihilar distribution, with or without consolidative areas. The “atypical” 75 
pattern is characterized by either the absence of the “typical” or “undetermined” signs, and the 76 
presence of lobar consolidations, “tree in bud”, smooth thickening of the septa and pleural 77 
effusion; in this presentation no GGO are detectable. The “negative” pattern is characterized by 78 
the absence of the aforementioned pathological findings. 79 
 80 
According to literature, some patients may present with a high clinical suspect of COVID-19 81 
supported by epidemiological criteria and imaging finding with negative rt-PCR3, 4. On the other 82 
hand, it has been reported that patients with a positive rt-PCR and suggestive clinical findings, do 83 
not present pathological findings on HRCT5. 84 
 85 
Nowadays, it is of paramount interest for the scientific community to apply image analysis 86 
techniques when quantitatively studying the characteristics of this disease. A recent study has 87 
applied automated segmentation technique of the lung parenchyma to identify the percentage 88 



   

of aerated lung in patients affected by COVID-19, correlating this value with the prognosis, and 89 
demonstrating that patients with a more severe lung involvement presented more risk of being 90 
admitted in the Intensive Care Unit (ICU), and having worse outcomes6.  91 
 92 
The segmentation is the contouring of regions of interest (ROIs) inside a volume acquired through 93 
an imaging technique, such as HRCT. This activity may be carried out though three methods: 94 
manual, semi-automatic and automatic. Manual segmentation, thanks to the experience of a 95 
trained radiologist, consists of labelling voxels belonging to the pathological area. The main 96 
disadvantages of this method are the large amount of time required and the fact that it is 97 
operator-dependent. 98 
 99 
Semi-automatic methods allow to speed up the segmentation as the operator can modify a 100 
segmentation mask obtained through the classic methods of image processing (e.g., threshold 101 
on pixel intensity, clustering, etc.). However, these techniques are not easy to implement in 102 
clinical practice as they require extensive manual intervention in the most complicated cases18.  103 
 104 
Automatic segmentation methods, currently of limited use, employ artificial intelligence to 105 
obtain ROIs. In particular, a recent study aims to use automatic segmentation in the 106 
quantification of ground glass areas in patients suffering from COVID-19 interstitial pneumonia19. 107 
The definition of a segmentation protocol for the pathological areas on the HRCT images is the 108 
real first step toward the subsequent radiomics analysis, in order to identify features that could 109 
help to further understand the physiopathology of the disease, and serve as an accurate 110 
prognostic factor potentially influencing the treatment. 111 
 112 
This paper offers a guide to obtain accurate and efficient segments representing the pathological 113 
findings of COVID-19 pneumonia using “3D Slicer”7-10. 114 
 115 
PROTOCOL:  116 
 117 
This protocol follows the guidelines of the institutional human research ethics committee. 118 
 119 
1. Downloading the DICOM images  120 
 121 
1.1. Download the DICOM images and transfer them in the workstation dedicated to the 122 
segmentation, with the 3D software installed. If planning to work on a personal computer, 123 
anonymize the DICOM data. 124 
 125 
2. Importing the HRCT study on the 3D Slicer software 126 
 127 
2.1. In the software opening screen (corresponding to the Welcome to Slicer section in the 128 
drop-down menu) select Load DICOM Data. Alternatively, select the DCM icon in the upper left 129 
corner of the toolbar. 130 
 131 
2.2. In the upper left corner of the DICOM Browser panel select Import, then select the 132 



   

location of the HRCT study. Select the folder with the DCM images, and then select Import. 133 
 134 
2.3. Now that the HRCT study has been successfully imported, click on the Load button. 135 
 136 
3. Creating the Segments 137 
 138 
3.1. Create segments in the Segmentations section of the drop-down menu or directly in the 139 
sub-section Segment Editor found in the drop-down menu’s Segmentation section, or again as a 140 
dedicated icon in the toolbar. 141 
 142 
3.2. In the drop-down menu next to Master Volume, select the HRCT study. 143 
 144 
3.3. Select Add and create three new segments, which will be automatically named Segment 145 
1, 2 and 3. Double click on each one and rename them respectively “tlv” (Total Lung Parenchyma), 146 
“ggo” (Ground Glass Opacities) and “cons” (Consolidations). If in the HRCT study additional 147 
pathological findings coexist, such as pleural effusion, lung cancer, fibrotic areas and so on, create 148 
additional segments. The same applies to artifacts.  149 
 150 
4. Definition of the TLP segment 151 
 152 
NOTE: An accurate definition of the TLP segment is fundamental, as it will be used for masking 153 
the HRCT during the definition of the GGO and CDs segments.  154 
 155 
4.1. As a first step, in the Segment Editor section, after selecting the TLP segment, choose the 156 
Threshold instrument.  157 
 158 
4.2. Set a threshold large enough to include both the healthy lung parenchyma and the ground 159 
glass opacities. Using the values reported in scientific literature with the necessary adjustments 160 
to comply with the textbook definition of GGO, we found that setting the threshold between -161 
1000 HU and -250 HU works well6,14,15,16,17. Then select Apply. 162 
 163 
4.3. The segment so defined will include both the air inside the lungs and the air outside the 164 
chest (i.e., the air outside the patient). In order to isolate the lung parenchyma, use the Islands 165 
tool, found in the Segment Editor, and choose Keep selected island. Left click inside the chest so 166 
that anything outside the chest will be excluded from the segment. 167 
 168 
4.4. Next, include any area of consolidation inside the TLP segment. The consolidations usually 169 
have attenuation values (Hounsfield Units: HU) similar to those of soft tissues that constitute the 170 
chest wall and the mediastinum. This is the reason why the Threshold instrument cannot be used 171 
for this purpose and the consolidations will need to be added manually, using the Scissors and 172 
Paint tools found in the segment editor. 173 
 174 
4.4.1. Use the Scissors tool to add portions of lung parenchyma to the segment. Choose the Fill 175 
Inside operation, select Free Form as the shape and Symmetric as the slice cut. Choose a 176 



   

thickness appropriate to the size of the consolidation (e.g., from 3 to 20 mm); and then, start 177 
progressively adding small portions of TLP, until the consolidation has been completely included. 178 
 179 
4.4.2. The Paint tool is easier and sometimes faster to use, but might be less precise, depending 180 
on the area to include. When the Sphere Brush option is active, this tool can add 3D portions of 181 
lung parenchyma to the segment. The size of the brush can be easily modified. 182 
 183 
4.4.3. While adding the consolidations to the TLP segment, do not include portions of thoracic 184 
wall or mediastinum. This could prove difficult as in patients affected by COVID19 consolidations 185 
adjacent to the posterior thoracic wall are quite common. Use the Erase tool to correct the 186 
segmentation or select Undo to discard the last action. 187 
 188 
4.4.4. At this stage, use the smoothing algorithm once more to delete small imperfections that 189 
might have occurred during the manual part of the segmentation. Now the TLP segment 190 
definition is concluded. 191 
 192 
5. Definition of the GGO segment 193 
 194 
5.1. To define the GGO segment, use the threshold tool. 195 
 196 
5.1.1. Select the GGO segment. 197 
 198 
5.1.2. Set the threshold between -750 HU and -150 HU. 199 
 200 
5.1.3. Before selecting Apply, go to the Masking section right underneath and select TLP in the 201 
Editable Area drop down menu. In the Overwrite Other Segment drop-down menu, select None. 202 
This is extremely important as, if skipped, once defined the GGO segment, also the TLP segment 203 
would be modified. This must be avoided, as the TLP segment is the mask on which all the other 204 
segments are defined. 205 
 206 
5.1.4. Now select Apply. 207 
 208 
5.2. At this point it will probably be necessary to use the smoothing algorithm once again, in 209 
order to exclude all the small vessels and the physiological interstitial elements that have a 210 
density similar to that of ground glass from the segment. Start with a Kernel size of 3 mm and, if 211 
needed, increase it progressively, to a maximum of 6-7 mm. Note that increasing the Kernel size 212 
too much might determine the loss of small areas of ground glass, which would be left outside 213 
the GGO segment. Because of this, the smoothing algorithm should be used with the proper 214 
caution. 215 
 216 
5.3. In this case too, apply needed corrections with the Paint, Scissors and Erase tool. During 217 
this phase remember to keep the TLP mask active at all times to avoid including portions of chest 218 
wall adjacent to the “ground glass” areas inside the segment. This is because, if erroneously 219 
segmented, they would automatically be excluded. 220 



   

 221 
5.4. When obtaining this segment, pay close attention to the possible presence of artifacts 222 
generated by movements of hearth and diaphragm (this happens if the patient could not hold his 223 
breath during the exam). If present and previously included in the TLP segment, eliminate these 224 
artifacts from the “ground glass” segment, for example through the Islands tool with the Remove 225 
Selected Island option or using the Scissors and Erase tools. Depending on the study’s goal, the 226 
artifacts might be segmented separately, using a dedicated segment or included in the TLP 227 
segment and excluded from other segments. Now the GGO segment has been defined. 228 
 229 
6. Definition of the CDs segment 230 
 231 
6.1. To define the CDs segment, proceed the same way as to define the GGO segment. 232 
 233 
6.1.1. Select the CDs segment. Be sure to work with the TLP masking always active. 234 
 235 
6.1.2. Set an adequate threshold. For consolidations the range varies, roughly, from -150 HU to 236 
100 HU. 237 
 238 
6.1.3. Apply the smoothing algorithm varying the Kernel size as needed. 239 
 240 
6.1.4. Use a combination of the tools Scissors, Erase, Paint and Islands in order to keep inside 241 
the segment only the real consolidations, excluding large vessels, pleural effusions, artifacts, 242 
disventilatory bands and other non COVID-related lesions. 243 
 244 
6.1.5. If needed, apply a final smoothing might be applied. 245 
 246 
7. Saving the segments 247 
 248 
7.1. Save segments as an “.nrrd” file, or convert to binary label maps from the "Data" module. 249 
 250 
8. Extracting volumes from the defined segments. 251 
 252 
8.1. From the Segment Statistics module, obtain a table with details on volume and surfaces 253 
of the segments.  254 
 255 
REPRESENTATIVE RESULTS:  256 
The proposed method has been refined through trials and errors, testing it on 117 patients 257 
affected by COVID-19 pneumonia with a positive rt-PCR test. 258 
 259 
After a short learning curve, the time needed to obtain the segments can vary from 5 to 15 260 
minutes, depending on the presentation pattern.  261 
 262 
As shown on Figure 1, the method yields precise segments: this can be observed by noticing the 263 
exact correspondence with the HRCT. The 3D rendering helps to assess the correspondence and 264 



   

quickly review the segmentation results. A quantitative assessment of the amount of lung 265 
parenchyma affected can be obtained, to replicate the results reported from Colombi et al.6 and 266 
Lanza et al.13. 267 
 268 
Figure 1: Representative results volume and surface analysis. The screenshot from the 3D Slicer 269 
interface represents the results obtained from the “Segment Statistics” module, which can be 270 
used to quantitatively evaluate the volume of the affected lung parenchyma.  271 
 272 
DISCUSSION:  273 
Segmentation represents a fundamental step for performing modern quantitative radiology 274 
studies, and is necessary to apply radiomics or texture analysis techniques. Pathological findings 275 
in the lungs represent one of the most challenging to segment, for the lack of defined anatomical 276 
borders and a small difference in attenuation value when compared to the healthy areas. 277 
 278 
The source images must present with a minimum of artifacts if possible, especially on the 279 
pathological areas, and this is sometimes hard to achieve when studying a disease that 280 
compromises breath holding; therefore, researchers can consider excluding compromised HRCTs 281 
or defining a segment dedicated to artifacts to be eliminated from further analysis.  282 
 283 
It is possible to install an extension to 3D Slicer, called the “chest imaging platform”11, which 284 
allows faster, more automated operations on lung segments, with particular interest on aerated 285 
lung. It was decided not to adopt this method, since it requires extensive manual intervention 286 
when GGO and consolidations have a sub-pleural distribution, which is the case of the pathology 287 
explored in this paper.  288 
 289 
An automatic segmentation method for interstitial lung diseases has been reported12; even so, 290 
this method required having previous knowledge of the affected areas’ features. The technique 291 
proposed in this study represents an easy to learn and reproducible approach to segmentation 292 
of pathological findings of the lung, the features extracted from which could provide future 293 
means of automatically segment viral interstitial lung diseases, and represent accurate 294 
prognostic factors. 295 
 296 
The segmentation method proposed has some limitations. 297 
 298 
First of all, downloading the DICOM images from the workstations is a process that might require 299 
a variable amount of time, thus doing so for vast numbers of patients might be a troublesome 300 
work. Any potential application of this segmentation method to the clinic practice must consider 301 
this critical issue, until the point when segmentation plugins become widely available on PACS 302 
platforms. 303 
 304 
Secondly, the segmentation of the COVID-19 related pathological areas might be complicated in 305 
patients with concurrent chronic lung disease (e.g., lung cancer, lung fibrosis, etc.) whose 306 
radiological findings consist in areas with the same densities of those typical of COVID-19 307 
patterns. The same concern should be considered in CT scans with respiratory artifacts. These 308 



   

artifacts are quite common in patients with COVID-19 infection, being commonly related to 309 
dyspnea and respiratory failure, especially in old/middle aged patients. 310 
 311 
Moreover, patients with a severe interstitial pneumonia (characterized by many lung 312 
consolidations and crazy paving opacities) require a more extensive manual segmentation and 313 
consequently, a vast amount of time. In general, the higher the severity of the interstitial 314 
pneumonia, the more extensive the manual segmentation required, the longer the segmentation 315 
time.  316 
 317 
However, the degree of precision offered by advanced evaluation techniques such as the ones 318 
proposed by Lanza and Colombi could add limited information on patients with already severe 319 
lung conditions compared to the standard clinical and radiological evaluations20. 320 
 321 
Finally, it should be noted that any radiologist who has no experience with 3D slicer needs an 322 
adequate training time, as it is not an intuitive software and requires some time to be mastered 323 
even in its basilar functions. 324 
 325 
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Name of Material/ Equipment Company Catalog Number Comments/Description

CT Scanner

General 

Electrics 

Healthcare

64-MDCT VCT 

lightSpeed The CT scanner used for HRCT acquisitions

Desktop Computer ThinkCentre The computer used to download the DICOM files and run 3D Slicer
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Editorial comments: 
 

 

Consider moving the beginning of the Results section to 07:23, which is directly after the video is finished 

explaining how to generate images and data for further analysis. Please add some close-ups or perhaps further 

explanation of the types of images that are and can be generated- these images are the results, not the 

method (05:03-07:23) by which to generate them, which should be in the Protocol section. 

 

Dear Editor, thank you for your comments. We have arranged the scenes in the result section according to your 

suggestion, and added a brief comment on the still image as you required. 
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