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ABSTRACT

Since the beginning of the Coronavirus Disease (COVID-19) pandemic, chest CT scans have
been a strong ally in the diagnosis and follow-up of patients. New tools have been developed
to make lung analysis more objective, such as the 3D Slicer and its Lung Analyser tool. This
study aimed to describe the tomographic findings found in patients with COVID-19 admitted
to the Care Unit using this tool. Method. One hundred and one sets of tomographic images
of patients hospitalized between March 2020 and December 2021 with a positive diagnosis
of COVID-19 were randomly selected. The Lung Analyser was used to perform the analysis,
quantifying the "emphysematous", "infiltrated", "collapsed" and "total affected" lung in
milliliters and their percentage. Findings. The findings of emphysema remained at around
20% of the volume. Infiltrates, collapsed lungs, and the percentage of total involvement did
not show this similarity, with an important plurality of results. In pulmonary infiltrates, the mean
involvement rate was 32.98%, with a standard deviation of 0.095. For the percentage of
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collapsed lung, we have an average of 11.48% and a standard deviation of 0.067. The mean
total percentage of lung affected was 44.3%, with a standard deviation of 0.15. Conclusion:
The description of findings found by the software can be valuable for the identification and
quantification of lung lesions in patients with COVID-19, reducing the subjectivity of the
reports and helping to better understand lesions, which are sometimes not so visible to the

human eye. Its use does not exclude the need for experienced radiologists for the best
evaluation.

Keywords: 3D Slicer. Lung Analyser. Chest tomography. Covid-19.
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1 INTRODUCTION

Since the beginning of the COVID-19 pandemic, chest CT has been a strong ally both
for initial diagnostic aid and as prognostic staging and follow-up of patients. The most
common pattern of involvement on radiological examination is ground-glass predominantly
in the periphery of the lungs bilaterally and in bases with areas of greater opacity or
attenuation, followed by the simultaneous presence of pulmonary consolidation. New tools
have been developed to make the analysis of pulmonary involvement more objective. One of
them is 3D Slicer, a free open-source software for medical image computing available for
several operating systems (Windows, MAC, Linux) (ABOUT 3DSLICER, [s. d.]) that emerged
from the union of several independent projects that focused separately on image
visualization, surgical navigation, and graphical user interface (ABOUT 3DSLICER, [s. d.]).
Image segmentation followed by the use of the Lung Analyser tool allows the identification of
details about the patient's lung involvement, based on levels of Lung Analyser. infiltrate and
lung collapse. Such details are not objectively observed by the human eye, thus improving
the detailing of lesions automatically with the help of Artificial Intelligence (Al).

The clinical picture of COVID-19 is variable, ranging from mild symptoms, similar to
those of flu-like syndrome, such as fever, runny nose, prostration, to pneumonia, severe acute
respiratory failure, and death (MENEZES et al., 2021). In clinical practice, it has been
observed that the evolution of patients hospitalized for the disease tends to present with a
progressive increase in parenchymal lesions, even in those with mild initial involvement
(CHANG et al., 2005), with a subsequent decrease in lesions in cases with favorable
evolution (ZHOU et al., 2020). We also know that changes in the characterizations of injuries
over time can suggest the pattern of progression or recovery of the lesion, being carried out
by analyzing the pattern of lesions and the percentage of lung area affected (HANI et al.,
2020),(OULEFKI et al., 2020),(COLOMBI et al., 2020). This percentage is usually provided
by the radiological report based on a visual and subjective analysis of the images (MARTINEZ
CHAMORRO et al., 2021), and the involvement is generally divided into mild (< 25% of lung
parenchyma affected), moderate (between 25-50% of parenchyma affected) and severe (>
50% of parenchyma affected) or according to the degree of pulmonary aeration in its vast
maijority (BELL D, MURPHY A, MOREIRA M, [s. d.]),(XIE et al., 2020).

Image segmentation followed by the use of the Lung Analyser tool allows the
identification of details about the patient's lung involvement, including the percentage of total
volume affected, quantity in volume, and percentage of emphysematous lesions, infiltrate,
and lung collapse (PROF. RUDOLF BUMM, DEPARTMENT OF SURGERY,
KANTONSSPITAL GRAUBUNDEN (KSGR), LOESTRASSE 170, CHUR, [n.d.]). Such
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information can help in decision-making and in the conduct of health professionals in relation
to hospitalized patients (LANZA et al., 2020). With all these aspects demonstrated, we chose
to perform a description of the lesions found by 3DSlicer in order to increase knowledge about
COVID-19 and assist radiologists in the reports, in order to obtain increasingly accurate and
faster reports.

The purpose of this study is to describe the tomographic findings found by the 3D
Slicer and its Lung Analyser tool in patients with severe COVID-19 admitted to the Intensive

Care Unit (ICU) of a private referral hospital for the treatment of the disease.

2 METHODOLOGY

This retrospective study was approved by the local Ethics Committee (opinion
5,347,709). One hundred and one images have been included in this and anonymized to
ensure your privacy. The sets were randomly selected from an original pool of patients who
had a positive COVID-19 diagnosis by the nasopharyngeal reverse transcription polymerase
chain reaction (RT-PCR) swab for SARS-CoV-2 and who underwent a chest CT scan during
their ICU stay between March 2020 and December 2021.

The images in DICOM (Digital Image Communication in Medicine) format were
imported into 3D Slicer 5.0.3 and the lung masks were automatically segmented by the Lung
Segmenter extension using 13 manually tagged dots. Three stitches were placed in axial and
coronal sections inside the right and left lungs each, and one stitch in the trachea. The
segmentation algorithm uses a grow-cut algorithm with a region of intensity constrained at -
3000 to -250 HU (3D SLICER, 2023). All lung masks were visually checked and in some
cases (n=6) minor corrections were made manually using "scissors" (cutting a part of the
mask) or "fill in slices" (adding a missing part to the lung mask) in the segment editor. The
Lung Analyser Extension was then used to perform the analysis of the lung lesions,
quantifying the "emphysematous", "infiltrated", "collapsed" and "total affected" lung in
milliliters and its percentage in relation to lung volume. Each category mentioned has its own
range of HU, namely: emphysematous [-1050; -950HU], infiltrate [-750;-400HU], and
collapsed [-400; OHU] (Figure 1). These limits are variable and the user can modify them
manually, however, according to the developers, the limits set by default have already been
optimized (3D SLICER COVID-19, 2020) and have therefore been maintained as such in this
study.
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Figure 1: Lung Analyser and the thresholds used
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After analysis, the software returns a table with some percentages: particularly, the
"Involved" column represents the total amount of the extent of the COVID-19 disease (Figure
2).

By detecting changes in the intensity of UH, the LungAnalyser tool divides pulmonary
involvement into collapsed lung, emphysema, infiltrate, and aerated lung, which are important
information for the evaluation of pulmonary involvement.

As this study consists of a description of the findings found in the image processing
associated with the automatic reading of the 3D Slicer software, more complex statistical
calculations were not necessary. To calculate the mean involvement of each lesion, the Excel
software was used (=MEDIA A2:A102). To calculate the Standard Deviation, the Excel
software was also used by the formula (=STDEV A2:A102)
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Figure 2 : Example of the file automatically generated after using the Lung Analyser — 3D Slicer tool

Volumetric analysis (Table 1)

Segment Volume Minimum Maximum Mean Median Standard MinThr MaxThr
[em3] [hnsf'U] [hnsfU] [hnsfU] [hnsfU] Deviation
[ hnsf'U]
Emphysema 73.1825 -1024 -051 -995.533 -009 26.3082 -1050 -050
right
Inflated right 426475 -850 -751 -838.344 -835 53.79 -950 =750
Infitration 342141 -750 -401 -636.385 -661 90.2009 =750 -400
right
Collapsed right 68.0295 -400 -1 -234.715 -252 114.029 -400 0
Vessels right 58.7117 -1024 2720 93.8362 B5 277.957 [1] 1000
Emphysema 52.9877 -1024 -8951 -957.022 -1002 26.1595 1050 =950
left
Inflated left 229,209 -950 -751 -B42.947 -841 54.7014 -950 -750
Infiltration left 170,339 -750 -401 -634.71 -658 90.8528 -750 -400
Collapsed left 37.1256 -400 -1 -231.05 =247 114,709 -400 0
Vessels left 49.1415 -1024 2420 61.967 71 230.685 [1] 1000

Extended analysis (Table 2)

Lung Inflated Inflated Inflated Emphyse Emphyse Infiltrat Infiltrate Collapse Collapse Affected Affected
area + (ml) (%) ma(ml) ma(%) ed(ml) d(%) d(ml) d(%) (ml) (%)
Affected
(mi})
Toa 1398 655 47 126 9 512 36.6 105 7.5 617 44
ungs
Right 909 499 55 73 B 342 376 68 7.5 410 45
ung
Left lung 439 302 53 10.8 170 34.8 37 7.6 207 42
3 RESULTS

We analyzed 101 sets of images of patients with severe COVID-19 [defined as SpO2
<94% on room air, ratio of partial pressure of oxygen to fraction of inspired oxygen
(PaO2/Fi02) <300 mmHg, respiratory rate >30 breaths/min OR pulmonary infiltrates > 50%]
or critical (individuals with and/or
dysfunction)(KENNETH MCINTOSH, 2022). The results described appear in Table 1, each

row representing an image, and in Figure 3.

respiratory failure, septic shock, multi-organ
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Figure 3: findings found in the analysis of 101 CT scans by the 3D Slicer and its Lung Analyser tool
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The findings of emphysema remained around 20% of the lung volume (Figure 4 A),

with a mean of 16.77% (SD=0.132), ranging from 1.6% to 89%. In pulmonary infiltrates, we

have a mean of 32.98% involvement, with a standard deviation of 0.095, with results ranging

from 7.1% to 56.4%. For the percentage of collapsed lungs, we have a mean of 11.48%, with

involvement between 2.4 and 34.9% and a standard deviation of 0.067. The mean total

percentage of lung affected was 44.3%, ranging from 10% to 82%, with a standard deviation

of 0.15.

Table 1: Overall result of the findings of each CT scan according to the 3D Slicer Software - Lung
Analyser tool

3D
3D 3D 3D 3D 3D 3D

2?,..133(22 RIGHT 3EDM';,'IE_|';T TOTAL |?4||)=|||-_$'|:2Tt\ SLICER TOTAL  SLICER  RIGHT s'&'c_:E
s SN G WA Mo G GBI Sde g
SLICER g i1cer SHICER g icer  SLICER  RiGHT  SLICER  LEFT  SLICER A'T:EEC

1 9,00% 8.00%  1080%  3660%  3480%  37.60%  7.50% 7.60% 7.50% 44%
2 70,70%  7180%  69.70%  8,70% 8,80% 8,60% 6% 5.70% 6.30% 15%
3 1190%  1290%  10.80%  3320%  3410%  3240%  8,60% 8.80% 8.40% 42%
4 17.80%  1690%  18.80%  28.60%  27.50%  29.60%  9.90% 950%  1030%  38%
5  500% 590%  410%  4590%  4910%  42.80%  27.80%  2550% 30% 74%
6  390% 420%  360%  42.80%  42.90%  42.70%  3490%  34.70% 35% 78%
7 12% 1110%  13,10%  3250%  30.30%  3450%  17.30%  14.80%  1970%  50%
8  6,80% 670%  690%  4140%  37.20%  43.60%  1550%  16.90%  1480%  57%
9 2650%  27.10%  2580%  16.20%  1560%  16.70%  3.20% 3.30% 3.10% 19%
10 13.30%  12.40%  14.30%  40.70% 39% 4240%  1310%  11.60%  1450%  54%
11 1630%  1420%  1850%  3610%  3360%  3860%  11.10%  11.20%  1090%  47%
12 8390%  8240%  8530%  7.10% 6.20% 8.10% 2.40% 1,90% 3% 10%
13 9,70% 1060%  860%  4630%  47.70%  4530%  18.80%  2030%  17.60%  65%
14 57.90%  5800%  57,90%  26.80%  26.90%  26.70%  2.60% 2.50% 2.80% 29%
15 2590%  2590%  26.00%  20.80%  21.10%  20.50%  440% 4.20% 450% 25%
16 2.10% 220%  200%  54.40%  5540%  53.60% 21% 2280%  1970%  75%
17 1890%  19,80%  17,90%  16.50%  17.60%  15.60%  4,40% 3,80% 4.90% 21%
18 16.80%  16.90%  16.70%  36.50%  39.20%  34.10%  11,70%  10,50% 13% 48%
19 17.70%  18.00%  17.40%  34.30%  34.70%  33.90%  13.70%  1510%  12,40%  48%
20 17.30%  17.60%  17.00%  25.20%  27.20%  23.50%  7,50% 7.90% 7.10% 33%
21 9.60% 8.80%  1040%  4450%  41.30%  47.30%  11,80% 10% 1340%  56%
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22 15,20%

23 13,50%
24 12,90%
25 14,60%
26 14,00%
27 13,40%
28 89,00%
29 17,30%
30 16,50%
31 19,50%
32 9,50%
33 9,60%
34 15,50%
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20,30% 17% 23,10% 21,60% 17,50% 26,50% 5,70% 3,60% 8,20%

27%

Figure 4 : (A) Total Emphysema, (B) Total infiltrate, (C) Total collapsed, and (D) Total affected.
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4 DISCUSSION

infiltrate, and inflated lung. Each of the lesions mentioned can influence the evolution of the
disease, and consequently the outcome (HAN et al., 2023). Recognizing these lesions with
greater sensitivity can contribute to patient decision-making and management. In our study,
we observed that the vast majority of patients had a percentage of emphysema of around
20%, although some patients had very low levels of this type of lesion (1.6%), and others
were very high, such as 89% (Figure 4A). When evaluating infiltrates, collapsed lungs, and
the percentage of total involvement demonstrated by the Lung Analyser, this concentration
was not observed around the same percentage, presenting an important plurality of results
(Figures 4B, 4C, and 4D), despite a smaller variation among patients when compared to
emphysema. Among the patterns analyzed, collapsed lung was the one with the lowest
percentage. With the help of the description provided by semi-automatic or automatic tools

such as the 3D Silicer, it is possible to improve the tomographic analysis, being able to help

radiologists and, consequently, clinicians in defining the conducts to be taken.

other organs and other types of diseases, such as neoplasms, including preoperative studies
of spine surgeries in order to increase precision in screw implantation (WOOCHAN

WI,SANG-MIN PARK, 2020),(X. HOU,D.-D. YANG, D. LI, L. ZENG,

The Lung Analyser tool divides lung involvement into collapsed lung, emphysema,

The 3D Slicer Software is already used as a way to improve radiological accuracy in

2020),

\

Innovative Nursing: Science, Care and Research

TOMOGRAPHIC FINDINGS IN COVID-19 LUNGS: THE CONTRIBUTION OF ARTIFICIAL INTELLIGENCE



\/

(MURALIDHARAN et al., 2018). In the first study, the software helped surgeons handle
accurate 3D information by simultaneously simulating surgery, and facilitating tumor location
management for removal.

In a study published using 3 different software for the evaluation of the quantification
of lung lesions by Covid-19, together with analysis by experienced radiologists, 3D Slicer
demonstrated excellent reliability, with the best agreement between the software and the
radiologist's analysis (RISOLI et al., 2022).

The processing of the images by the software is done in a few minutes, and the
quantification of the percentage of pulmonary involvement and the appearance of the
documented lesions can improve the description of the involvement in the radiological reports
(RISOLI et al., 2022). Another important resource, shown in Figure 4, is that the report issued
by the Lung Analyser classifies the percentage of pulmonary involvement pattern as infiltrate,
emphysema, collapsed, and inflated lung, based on HU levels (HOCHHEGGER et al., 2010),
information that is not always included in the CT scan report, mainly due to the way the reports
are performed at the time. subjectively (MARTINEZ CHAMORRO et al., 2021),(SIMPSON
et al., 2020), and can even be influenced by work overload at times such as a pandemic
(CONEXAO SAUDE, 2021).

Knowing in advance the type of lesion of the patient, differentiating, for example, a
predominantly emphysematous pattern from a collapsed one, can also contribute to medical
decision-making, considering the specificities of the management of patients' clinical
conditions and their respective prognoses (PERONI; BONER, 2000), (CELIK et al., 2022).
According to a study presented in 2020, the percentage of involvement is directly related to
the risk of orotracheal intubation and death (LANZA et al., 2020). In addition, it is known that
the evolution of the lesions is consistent with the moment of the disease (PADUA; WOULD;
STRABELLI, 2020). Better recognition of these lesions, in a more reliable way, based on
Artificial Intelligence (TSUNEKI, 2022), (SAN JOSE ESTEPAR, 2022), can lead to better

knowledge of the disease, influencing strategies for earlier treatments and better results.
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5 CONCLUSION

The description of findings found by the 3D Slicer software and its Lung Analyser tool
can be valuable for the identification and quantification of lung lesions in patients with COVID-
19, reducing the subjectivity of the reports and helping to better understand lesions, which
are sometimes not so visible to the human eye.

Being able to better identify the type of lung injury in patients, based on specific data
such as the UH value and the possibility of more appropriate calculations in relation to its
quantity, open opportunities for further studies and better identification of the lesions, as well
as their progression, enabling the development of strategies and resources for the better
management of these patients.

Although it is a tool in full development and with possibilities for evolution for better
sensitivity in the detection of lesions, its use does not exclude the need for experienced
radiologists for the best evaluation of such images, with the differentiation between the types
of consolidation and especially when manual adjustments are necessary.

The Software has been shown to be able to identify lesions in an appropriate way, and
with its frequent updating, it can be increasingly used for research, contributing to its release

by regulatory agencies for clinical use.

\/
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