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Abstract

Background: Since the beginning of 2020, coronavirus disease has spread widely all over the world and this
required rapid adequate management; therefore, continuous searching for rapid and sensitive CT chest techniques
was needed to give a hand for the clinician.

We aimed to assess the validity of computed tomography (CT) quantitative and qualitative analysis in COVID-19
pneumonia and how it can predict the disease severity on admission.

Results: One hundred and twenty patients were enrolled in our study, 98 (81.7%) of them were males, and 22
(18.3%) of them were females with a mean age of 52.63 + 12.79 years old, ranging from 28 to 83 years. Groups B
and C showed significantly increased number of involved lung segments and lobes, frequencies of consolidation,
crazy-paving pattern, and air bronchogram. The total lung severity score and the total score for crazy-paving and
consolidation are used as severity indicators in the qualitative method and could differentiate between groups B
and C and group A (90.9% sensitivity, 87.5% specificity, and 93.2% sensitivity, 87.5% specificity, respectively), while
the quantitative indicators could differentiate these three groups. Using the quantitative CT indicators, the validity
to differentiate different groups showed 84.1% sensitivity and 81.2% specificity for the opacity score, and 90.9%
sensitivity and 81.2% specificity for the percentage of high opacity.

Conclusion: Advances in CT COVID-19 pneumonia assessment provide an accurate and rapid tool for severity
assessment, helping for decision-making notably for the critical cases.
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Background peripheral multifocal ground-glass opacities and consoli-

Coronavirus disease 2019 (COVID-19) was firstly diag-
nosed in Wuhan, China; was announced by the WHO to
be caused by a novel coronavirus (SARS-CoV-2); and
causes a respiratory disease pandemic [1-4].

Initially, COVID-19 diagnosis was depending upon
real-time reverse transcriptase polymerase chain reaction
(RT RT-PCR). CT has shown to be a sensitive method
for the initial evaluation of the patients [5]. On CT scan,
the disease was commonly presented in the form of
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dation [6-10].

With the dramatic increase in the patient’s number, it
becomes necessary to create methods to help doctors in
their war against the virus. That is why the artificial
intelligence (Al) starts to share to reduce the burden on
clinicians [11, 12].

So, the role of CT in the assessment of COVID-19 can
be greatly optimized by the help of automated image
analysis with artificial intelligence techniques allowing
accurate and rapid assessment in a large number of pa-
tients, help for the fast clinical decision-making, and im-
prove workflow efficiency. The average time for manual
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(semi-quantitative) CT assessment is 15 min which can
be reduced into 10 s using the Al [9, 13-19].

Our study was aiming to evaluate the performance of
the quantitative and qualitative CT severity scores and
their usefulness as rapid and sensitive indicators for the
disease severity.

Methods

One hundred and twenty patients who were tested posi-
tive for novel coronavirus by nasopharyngeal swap were
enrolled in our retrospective study in the period of 1
May and 20 June 2020. There were 98 males and 22 fe-
males with a male to female distribution of 4.5:1 and
with an age range from 28 to 83 years old with mean =
52.63 + 12.79.

The study protocol was approved by the local Ethics
Committee. All patients provided a written informed
consent.

Patients were stratified into three clinical groups based
the WHO interim guidance [20, 21]: group A, mild
cases; group B, severe cases; and group C, critical cases.
Group A involves patients with mild clinical symptoms
in the form of fever, mild respiratory tract manifesta-
tions, and positive CT findings of pneumonia. Group B
involves patients with respiratory rate > 30 times per mi-
nute, oxygen saturation < 93% at rest, arterial oxygen
partial pressure (PaO2)/inspired oxygen (FiO2) < 300
mmHg (1 mmHg = 0.133 kPa), or significant progression
of pneumonia CT findings within 24—48 h > 50%. Group
C involves patients that are admitted to the intensive
care unit for mechanical ventilation or had a FiO2 of at
least 60% or more.

Image acquisition and analysis

All CT examination was performed using two multide-
tector CT scanners (Somatom Perspective, Siemens,
Germany, and Optima CT 540, GE, America), using the
following parameters: tube voltage = 120 kVp, tube
current (regulated by automatic dose modulation), 30—
75 mAs, pitch = 1-1.25 mm, matrix = 512 x 512, slice
thickness = 5 mm, and FOV = 350 mm x 350 mm.

Image reconstruction was done at a slice thickness of
1-1.25 mm. All were the initial CT scans at the time of
patients’ admission and are performed as non-contrast
studies. Two experienced radiologists (20 years of experi-
ence) independently reviewed all the scans, and they
were blinded to the patients’ clinical and laboratory data.

Qualitative image analysis

CT severity score was estimated for each one of the five
lung lobes by calculating the dissemination of the chest
manifestations (opacity), namely the ground-glass opaci-
ties (GGO), consolidation, crazy-paving pattern, septal
thickening, and pulmonary fibrosis giving score (0—4)
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for 0, 25, 50, and > 75% involvement, respectively, with
the sum representing the total severity scores for the
whole lung (0-20).

Previous studies [3, 4] reported that the degree of con-
solidation and crazy-paving pattern was highly suggest-
ive for the disease progression/peak, so we used a total
sum extent of crazy-paving and consolidation as an indi-
cator for the disease severity. The severity score for the
consolidation and crazy-paving was calculated for each
lobe using the same criteria (0—4 scores), and the total
score for the lungs is the sum of individual lobes (0-20
scores).

Quantitative image analysis

CT Pneumonia Analysis algorithm is designed by Sie-
mens Healthineers to automatically identify and quantify
abnormal tomographic patterns in the lungs from chest
CT for research purposes. The system takes as input a
non-contrasted chest CT, and identifies and 3D seg-
ments the lungs and lobes before segmenting the abnor-
malities. It outputs two combined measures of the
severity of lung/lobe involvement, quantifying both the
extent of COVID-19 abnormalities and presence of high
opacities. High opacity abnormalities were shown to cor-
relate with severe symptoms. The first disease severity
measure is global, while the second is lobe-wise:

— First global measure
e Percentage of opacity (PO): percentage of
predicted volume of abnormalities compared to
the total lung volume
e Percentage of high opacity (PHO): percentage of
predicted high opacity volume compared to the
predicted volume of abnormalities
— Second lobe-wise measure
e Lung severity score (LSS): the extent of
abnormalities across each lobe
e Lung high opacity score (LHOS): the extent of
high opacity abnormalities for each lobe

The computed results could be used to analyze the se-
verity and monitor the progression of abnormalities in
patients exhibiting COVID-19 symptoms.

Al-Rad Companion Research CT Pneumonia Analysis

The family of Al-powered augmented workflow solu-
tions, running on the teamplay digital health platform,
helps to reduce the burden of basic repetitive tasks and
increase the diagnostic precision when interpreting med-
ical images. Its solutions provide automatic post-
processing of imaging datasets through Al-powered al-
gorithms. The automation of routine workflows with re-
petitive tasks and high case volumes helps to ease the
daily workflow, so that the radiologist can focus on more
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critical issues. This system is capable of computing the
severity scores in approximately 10s per case versus 30
min for manual annotations. These results could be used
to rapidly assess the extent of lung infection and moni-
tor the progression of abnormalities in patients exhibit-
ing COVID-19 symptoms.

Using an artificial intelligence algorithm, the abnormal
tomographic patterns commonly present in lung infec-
tions, namely ground-glass opacities (GGO) and consoli-
dations, were automatically detected and quantified.
This algorithm estimates the overall lung affection and
quantifies the high opacity abnormalities using a 3D seg-
mentation of lesions, lungs, and lobes.

Opacity score is calculated for each lobe by estimating
the given region percent opacity as follows: score= 0, <
25%; score = 1, 25-50%; score = 2, 50-75%; score = 3, >
75%; and score = 4 and the total score is the sum of
these values.

Variable parameters are also obtained including lung
volume (ml), volume of opacity (ml), percentage of opa-
city within a given lung region (%), volume of high opac-
ities as absolute value (ml), a given lung region
percentage of high opacities, total mean HU, given lung
region mean HU of opacity, total HU standard deviation,
and a given lung region opacity HU standard deviation.
All these parameters are calculated for the whole lung,
left lung, right lung, and per lung lobe, respectively.

Statistical analysis of the collected data

Data were expressed in number (no.), percentage (%),
mean (x), and standard deviation (SD) and statistically
analyzed by an IBM-compatible personal computer with
SPSS statistical package version 23 (SPSS Inc. Released
2015. IBM SPSS statistics for windows, version 23.0,
Armonk, NY: IBM Corp.).

ANOVA test was used for the comparison of quantita-
tive variables between more than two groups of normally
distributed data with Tukey’s test as the post hoc test
while the Kruskal-Wallis test was used for the compari-
son of quantitative variables between more than two
groups of not normally distributed data with Tamhane’s
test as the post hoc test.

Pearson’s correlation was used to show correlation be-
tween two continuous normally distributed variables
while Spearman’s correlation was used for not normally
distributed ones.

— Chi-square test (y*) was used to study association
between qualitative variables. Whenever any of the
expected cells were less than five, Fisher’s exact test
was used. Z test was used to compare column
proportions.

— Receiver operating characteristic (ROC) with
respective points of maximal accuracy for sensitivity
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and specificity was generated to determine
radiological variables’ performance. Area under the
ROC curve (AUROC) measures the accuracy of the
test. An area of 1 represents a perfect test; an area of
0.5 represents a worthless test. Two-sided P value of
< 0.05 was considered statistically significant.

Results

One hundred and twenty proven COVID 19 patients
were enrolled in this retrospective including 98 (81.7%)
males and 22 (18.3%) females. The patients’ age ranged
from 28 to 83years old with a mean age of 52.63 +
12.79. There were 32 patients (26.7%) within group A,
56 patients (46.7%) in group B, and 32 patients (26.7%)
in group C.

COVID-19 pneumonia CT chest manifestations gener-
ally show more common bilateral and peripheral distri-
bution (58 patients, 48.3%) with the GGO as the
commonest finding (112 patients, 93.3%) followed by the
consolidation (108 patients, 90.0%) and septal thickening
(66 patients, 80.0%) then the crazy-paving pattern (80
patients, 66.7%). Air bronchogram was also a common
finding (108 patients, 90.0%) while pleural fibrosis and
effusion were seen only in 34 patients (28.3%) and 18 pa-
tients (15.0%), respectively.

Qualitative parameters

Table 1 shows the comparison of the chest manifesta-
tions among different clinical groups, all chest findings:
diffuse lung involvement (Fig. 1) was significantly higher
in group C than other groups while peripheral and ran-
dom distribution was significantly lower in group C as
compared to the other groups.

Consolidation, air bronchogram, septal thickening,
lung fibrosis, and pleural effusion have a significant dif-
ference between group A and other groups (B and C)
with P value < 0.001, so it can differentiate between
them. But it could not differentiate between groups B
and C.

Crazy-paving pattern (Fig. 2) was significantly higher
in group C than other groups (A and B) and significantly
lower in group A than other groups (B and C). It was
the only chest finding that could differentiate between
all groups with P value < 0.001.

GGO showed similar distribution in different groups
with no statistically significant difference between them.

There was a highly statistical significance between the
different groups as regards the calculated total severity
score and total score for crazy-paving and consolidation
as well as number of involved lung segments with P
value < 0.001, while for the number of involved lobes of
the lungs, there was a statistical significance between
group A and other groups (B and C) with no statistical
significance between group B and group C.
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Table 1 Comparisons of the qualitative CT findings among clinical groups
Parameters Clinical score P value Post hoc
A (n=32), mean = SD B (n=56), mean+SD C (n=32), mean = SD
Gender 1.00
Male 26 (81.3%) 46 (82.1%) 26 (81.3%)
Female 6 (18.8%) 10 (17.9%) 6 (18.8%)
Distribution < 0.001
Peripheral 20 (62.5%) 32 (57.1%) 6 (18.8%)"
Random 10 (31.3%) 14 (25.0%) 2 (63%)"
Diffuse 2 (6.3%) 10 (17.9%) 24 (75.09%)*
GGO 30 (93.8%) 52 (92.9%) 30 (93.8%) 0.981
Consolidation 22 (688)" 56 (100.0%) 30 (93.8%) < 0.001
Crazy-paving 8 (25.0%)" 42 (75.0%) ™ 30 (93.8%)* <0001
Air bronchogram 22 (68.8%)" 56 (100.0%) 30 (93.8%) < 0.001
Septal thickening 18 (56.3%)" 48 (85.7%) 30 (93.8%) < 0001
Pleural fibrosis 0 (0.0%)" 22 (39.3%) 12 (37.5%) < 0.001
Effusion 0 (0.0%)" 14 (25.0%) 4 (12.5%) 0.002
Total severity score 562 £ 237 9.96 + 2.64 1612 + 243 <0001 P1<0001
P2 < 0.001
P3 < 0001
Total score for crazy-paving and consolidation  3.00 + 2.24 850 £ 243 1412 £ 245 <0.001 P1<0001
P2 < 0.001
P3 < 0.001
No. of segments 1037 £ 5.21 14.64 + 324 1887 £ 193 <0001 P1<0001
P2 < 0.001
P3 < 0.001
No. of lobes 406 + 131 482 + 060 493 £ 024 <0001 P10011
P2 0.002
P30.508

P1 mild vs moderate, P2 mild vs severe, P3 moderate vs severe
*Significantly lower than other groups in the same category
*Significantly higher than other groups in the same category

Al-Rad Companion Research Results

PNEUMONIA ANALYSIS, V2.0

Percentage of high opacity” (%)

Standard dev. of opacity.

LUNG LOBES OPACITY Left Upper

YES
3
44223

Volume of opacity (mi) 33064
Percentage of opacity (%) 7477
Volume of high opacity* (mi) 10718
Percentage of high opacity” (%) 2424

424.08
33626
30612

Standard dev. of opacity. 27491
* High Opacity Threshold: -200 HU

LeftLung
ves

7

691.37

Left Lower

YES
4
249.14
22953
92.13
183.82
7378
897
-68.80
240.94
218.86

Right Lung

obability 0.8
18

Right Upper  Right Middle
YES YES

3 4
31318 24814
27.22 199.22
7255 80.29
7955 27.63
25.40 1143
453.46 -509.52
33239 463.75
350.85 26071
31450 23848

Fig. 1 A 37-year-old female with positive COVID-19 virus. CT chest shows diffuse bilateral consolidation with air bronchogram, crazy-paving
appearance, and organizing pneumonia pattern of COVID-19 (arrows in a—c). Total severity score = 18. Quantitative analysis (d-g) by Al-Rad
Companion Research CT Pneumonia Analysis was presented with the measured parameters seen in table (g). Quantitative total opacity score was 18

Right Lower
YES

4
a7
38331
90.89
26487
60.44
-188.52
15425
28151
25246
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Quantitative total opacity score was 17

Fig. 2 A 64-year-old male with positive COVID-19 virus. CT chest shows centrilobular emphysematous changes with bilateral diffuse ground-glass
opacities with crazy-paving appearance with more involvement of both lower lobes (arrows in a—c). Total severity score = 17. Quantitative
analysis by Al-Rad Companion Research CT Pneumonia Analysis was presented (d-g) with the measured parameters seen in table (g).

LeftLung  RightLung
YES
7
1427.69
106050
7428

Left Upper eftLower  RightUpper  RightMiddle  RightLower
YES YES YES YES

3 3 3 4
785,59 82034 a07.92 73376
51276 551.34 26487 61159
6527 67.21 6493 8335
16487 5409 219 157.9
2089 659 538 2153
52766 E 67089 -686.85 47184
38774 E -608.03 62374 435.05
358.20 28095 26069 33673
32565 27869 26292 2161

Groups B and C also showed longer time interval be-
tween the disease onset and the initial CT scan than
group A, yet with no significant difference between the
two groups (B and C).

Quantitative indicators

As regards the quantitative analysis, most of its parame-
ters were significantly different among different clinical
groups. The total opacity score, percentage of opacity,
volume of opacity, and MLD were significantly higher in
groups B and C compared to group A as well as between
group B and C (all P value < 0.001) (Table 2). The total
lung volume was significantly lower in group C com-
pared to group A (Figs. 1, 2, 3, 4, 5, and 6).

LAV and HAV could not differentiate between group
A and group B, but it showed a high statistically signifi-
cant difference between groups A and C for LAV (P
value < 0.001), and high significant difference between
groups B and C for HAV (P value < 0.001). All the other
quantitative parameters showed significant difference be-
tween different groups except the mean HU of the opa-
city that showed no significant difference between both
groups B and C (P value = 0.089).

Clinical group stratification in relation to CT parameters

The cutoff values of statistically significant CT parame-
ters were estimated by applying the curves of the re-
ceiver operating characteristic to assess the sensitivity
and the specificity of these indicators to differentiate be-
tween group A from the other two groups (Table 3). We
found that the cutoff values to differentiate between
group A from other groups were 7.5 for total severity
score 7.5 with 90.9% sensitivity and 87.5% specificity,
while 8.5 for total opacity score with 84.1% sensitivity

and 81.2% specificity. Total score for crazy-paving and
consolidation > 5.5 can differentiate between group A
from other groups (B and C) with 93.2% sensitivity and
87.5% specificity. LAV and HAV had low specificity to
differentiate between groups 68.7% and 62.5%, respect-
ively. When more than 12 lung segments are involved, it
can differentiate group A from other groups with 79.5%
sensitivity and 43.7% specificity.

The cutoff value for MLD was — 637.7 to differentiate
between different groups with 81.8% sensitivity and
81.9% specificity.

There was a high statistical significance between total
severity score, total opacity score, and total score for
crazy-paving and consolidation in relation to the clinical
grouping with P value < 0.001 (Table 4 and Fig. 7).

So, most of the qualitative parameters could not differ-
entiate group C from group B while quantitative param-
eters provide an easy, rapid, and highly sensitive tool for
accurate differentiation between the different clinical
groups.

Discussion
COVID-19 disease is a highly contagious illness that
showed rapid worldwide spread. Early disease diagnosis
is very crucial for disease containment strategies and the
management of the patients [1, 2]. The significant in-
crease of the patients’ number creates a great challenge
for COVID-19 laboratory testing owing to the limited fa-
cilities and inadequate supply of nucleic acid kits. Using
chest radiographs at the initial disease assessment
showed a significant number of false negatives due to its
deficiency to detect the early disease abnormalities [3].
Chest CT shows significantly higher sensitivity for de-
tection of mild pulmonary manifestations in early
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Table 2 Quantitative parameters at different clinical groups

Parameters Clinical score P value Post hoc
A (n = 32), mean + SD B (n = 56), mean + SD C (n =32), mean = SD

Total opacity score 581 + 264 1092 + 3.77 17.00 £ 2.59 < 0.001 P1 < 0.001
P2 < 0.001
P3 < 0.001

Lung volume 3512.89 + 1165 2874.89 + 873.80 2257.30 + 608.25 < 0.001 P10.028
P2 < 0.001
P30.001

LAV —61134 £ 156.72 —53867 £ 8033 —483.62 £ 7487 < 0.001 P10.056
P2 < 0.001
P3 0.006

HAV —396.44 + 183.77 —311.10 £ 89.04 —260.98 + 67.69 < 0.001 P10.053
P2 0.012
P3 < 0.001

Percentage of opacity 1473 £ 12.83 4051 + 21.19 73.75 £ 1575 < 0.001 P1 < 0.001
P2 < 0.001
P3 < 0.001

Volume of opacity 460.38 + 331.83 1079.76 + 469.84 1681.01 £ 562.28 < 0.001 P1 <0001
P2 < 0.001
P3 < 0.001

Volume of high opacity 9840 + 79.74 314.84 + 12439 564.70 + 19239 < 0.001 P1 < 0.001
P2 < 0.001
P3 < 0.001

Percentage of high opacity 330+ 3.14 1232+ 747 2552+ 750 < 0.001 P1 < 0.001
P2 < 0.001
P3 < 0.001

Mean HU total (MLD) —71059 £ 9150 —593.10 £ 93.75 —43577 £ 8819 < 0.001 P1 < 0.001
P2 < 0.001
P3 < 0.001

Mean HU of opacity —489.42 + 120.72 —386.66 + 86.71 —352.08 + 60.09 < 0.001 P1 < 0.001
P2 < 0.001
P3 0.089

P1 mild vs moderate, P2 mild vs severe, P3 moderate vs severe, HAV high attenuation value, LAV low attenuation value, MLD mean lung density

AlRad Companion Research Results.

PNEUMONIA ANALYSIS, V2.0

BothLungs  LeftLung  RightLung
YES YES YES

6 2 4

457047 2251.80 2318.67

act 901.90 285.92 61597

Percentage of opacity (%) 1973 1270 2657
[Volume of high opacity® (mi) 5123 1541 3612
Percentage of high opacity” (%) b 087 156
Mean HU total E 796.71 78521

9 Probabity 1.0
6

Mean HU of opacity 522, 635.69 51575
20032 2476 Percentage of Opacity 19.73

2750 o [1EIE

Right Upper  RightMiddle  Right Lower
Yes Yes Yes

1 1 2
1045.73 31816 95478
1779 43970
126 4605
408 3075
039 32
1130 + 70083
645,00 E 595.94
20347 23780
20241 23555

Fig. 3 A 61-year-old male with positive COVID-19 virus. CT chest shows bilateral scattered random ground-glass opacities (arrows) with more
involvement of the right lower lobe (arrows in a—c). Total severity score = 7. Quantitative analysis by Al-Rad Companion Research CT Pneumonia
Analysis was presented (d-g) with the measured parameters seen in table (g). Quantitative total opacity score was 6
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(g). Quantitative total opacity score was 9

Fig. 4 A 54-year-old male with positive COVID-19 virus. CT chest shows bilateral scattered random ground-glass opacities and consolidation
patches with air bronchogram (arrows) with more involvement of the left upper and both lower lobes (arrows in a-c). Total severity score = 8.
Quantitative analysis by Al-Rad Companion Research CT Pneumonia Analysis was presented (d—-g) with the measured parameters seen in table

Al-Rad Companion Research Resuits

PNEUMONIA ANALYSIS, V2.0

LUNGS OPACITY Right Lung
Affected YES YES YES

Both Lungs LeftLung

Opacity score 9 4 5
Volume total (mi) 3644.67 1696.14 1948.53

Volume of opacity (mi) 1069.77 617.01 452.76
Percentage of opacity (%) 29.35 36.38 23.24
Volume of high opacity® (mi) 22461 125.16 99.45
Percentage of high opacity® (%) 6.16 7.38 510
Mean HU total 67215 -653.20 -688.64
Mean HU of opacity 480.91 478.38 48437

COVID-18 Probabiity 1.0
Total Opacity Score 9
Percentage of Opacity 29.35

onecty index [JEIED

Standard dev. total 27367 284.29 262.97
Standard dev. of opacity 304.95 300.81 31046
Left Upper LeftLower  Right Upper

YES YES
2 1

Right Middle  Right Lower

943,57 86334
Volume of opacity (mi) 327.82 7673
Percentage of opacity (%) 3474 889
Volume of high opacity* (mi) 5541 7.83
Percentage of high opacity” (%) 587 X 031
Mean HU total -680.20 74847
Mean HU of opacity 49040 -558.55
Standard dev. total 27290 21382
Standard dev. of opacity 289,57 261.02
* High Opacity Threshold: -200 HU

disease stages. That is why, chest CT has become a
forefront diagnostic tool during the COVID-19
pandemic [4].

Previous literature has shown similar results [8-11],
concerning the predominance pattern of abnormal chest
CT manifestations to be bilateral and peripheral with the
GGO and consolidation which are the commonest find-
ings; however, they are not indictors for different clinical
group stratifications. Correlation with pathological find-
ings can give explanation for this, as in early disease
stages virus invasion causes alveolar damage with

interstitial pulmonary infiltration manifested as alveolar
edema with protein exudate and interlobular thickening
of the interstitium. Through the disease progression, dif-
fuse alveolar damage with cellular fibromyxoid exudate
can induce critical disease stage, yet both types of exud-
ate manifest as GGO [5, 6].

Disease progression (severe/critical stages) is probably
induced by more infiltration of the lung parenchyma
and interstitium [7, 8] which is caused by invasion of the
respiratory epithelium by the virus with disseminated
damage of the alveoli, necrotizing bronchitis, and total

Fig. 5 A 54-year-old male with positive COVID-19 virus. CT chest shows bilateral consolidation patches with air bronchogram, crazy-paving
appearance mainly peripheral and basal, and subpleural lines (arrows) with more involvement of the left upper and both lower lobes (arrows in
a-c). Total severity score = 11. Quantitative analysis (d-g) by Al-Rad Companion Research CT Pneumonia Analysis was presented with the
measured parameters seen in table (g). Quantitative total opacity score was 11

Al-Rad Companion Research Results

PNEUMONIA ANALYSIS, V20

Bothlungs  Leftlung RightLung

YES YES YES
Opacity score 11 5 6
[Volume total (mi) 313086 1415.80 171505
Volume of opacity (mi) 147859 80150 677.00
Percentage of opacity (%) a2 5661 3948
Volume of high opacity” (mi) 48290 25345 2975
Percentage of high opacity” (%) 1542 17.88 13.40
Mean HU total 59268 55791 62139
Mean HU of opacity 40749 41749 395,66

Standard dov.total 35803 36830 671 Percentage of Opacily 47.23

opacity ndes [

Standard dev. of opacity 35125 35256 34933

LUNG LOBES OPACITY. LeftUpper  LeftLower  RightUpper  RightMiddie  RightLower
Affected YES YES YES YES YES

Opacity score 2 1 2 3

Volume total (mi) 75387 66193 75251 26597 70657
[Volume of opacity (mi) 0541 43609 13148 8033 46529
Percentage of opacity (%) w081 7435 147 3138 6585
Volume of high opacity” (mi) 6262 19053 29 1324 18357
Percentage of high opacity" (%) 831 %7 438 517 298

Mean HU total 67024 42999 73200 71557 469.47
Mean HU of opacity 51035 36032 45830 56198 35087
Standard dev. total 315,07 38255 21143 28342 373.08

Standard dev. of opacity 33656 35060 34183 30891 4751
* High Opacity Threshold: 200 HU
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(g). Quantitative total opacity score was 12

Fig. 6 A 46-year-old male with positive COVID-19 virus. CT chest shows diffuse bilateral confluent consolidation with air bronchogram, crazy-
paving appearance, subpleural thickening with fibrosis, and organizing pneumonia pattern of COVID-19 (arrows in a—c). Total severity score = 13.
Quantitative analysis (d-g) by Al-Rad Companion Research CT Pneumonia Analysis was presented with the measured parameters seen in table

Al-Rad Companion Research Results

PNEUMONIA ANALYSIS, V2.0

Left Lung
YES YES

Opacity score 6 6
Volume total (mi) . 1238.49 142176
836.55 700.63

67.55 4991

279.48 221.34

Percentage of high opacity” (%) X 2257 1557
Mean HU total -559. 52322 -590.97
42881 -438.40

37243 357.67

368.16 362.52

Right Lung

RightUpper  RightMiddie  Right Lower
YES YES Yes

2 1 3

44450 361.76 615.50
173,09 7973 456.80
3894 2204 7422

Volume of high opacity” (mi) 35.45 1852 167.37
Percentage of high opacity” (%) 7.98 542 27.19
Mean HU total -567. 67964 70910 45751
Mean HU of opacity J 52678 -491.85 -395.72
31381 29230 377.48
341.15 340.11 366.86

alveolar filling by the inflammatory exudate. This ex-
plains the increase of consolidation and crazy-paving
pattern frequencies in severe/critical cases comparing to
the mild ones [5, 6].

In our study, qualitative chest findings such as
consolidation, air bronchogram, septal thickening,
lung fibrosis, and pleural effusion showed a signifi-
cant difference between group A and other groups
(B and C) with P value < 0.001, but it could not dif-
ferentiate between groups B and C.

This agreed with Lyu et al. who stated that using
qualitative indicators could not differentiate group C
from group B, but quantitative indicators could distin-
guish them [3].

In our study, crazy-paving pattern could differentiate
between all groups with high statistical significance (P
value < 0.001). It was significantly higher in group C
than other groups (A and B) and significantly lower in

group A than other groups (B and C). The total score
for crazy-paving and consolidation > 5.5 could differenti-
ate between group A from other groups (B and C) with
93.2% sensitivity and 87.5% specificity.

This agreed with Lyu et al. who had proposed the use
of the total score for crazy-paving and consolidation as
indicator for differentiation of different clinical groups
and proved its significance; higher total score for crazy-
paving and consolidation > 4 had 87% sensitivity and
44% specificity [3].

Our study showed that the number of involved lung
segments and lobes was significantly higher at differ-
ent disease stages with positive correlation with the
disease progression. The whole lung total severity
score has been shown as a poor prognostic indicator
in patients with COVID-19. We found that the cutoff
values to differentiate between group A from other
groups were 7.5 for total severity score 7.5 with

Table 3 Validity of different parameters in relation to the clinical grouping (mild vs moderate and severe)

Parameters AUC Cutoff Sensitivity (%) Specificity (%)
Total severity score 0.947 7.50 90.9 87.5
Total score for crazy-paving and consolidation 0.979 5.50 932 87.5
Total opacity score 0.920 8.50 84.1 81.2
LAV 0.709 —573.71 750 68.7
HAV 0.729 —392.53 81.8 62.5
Percentage of opacity 0.908 23.81 86.0 81.2
Percentage of high opacity 0.947 561 90.9 81.2
No. of segments affected 0.810 12.50 79.5 437
Mean HU total (MLD) 0.876 —637.70 81.8 819
Lung volume 0.723 3135.20 773 56.2

HAV high attenuation value, LAV low attenuation value, MLD mean lung density
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Table 4 Spearman’s correlation between total severity score, total opacity score, and total score for crazy-paving and consolidation

in relation to clinical grouping

Scores Clinical grouping Total severity sore

r P value r P value
Total severity score 0.850 < 0.001 - -
Total opacity score 0.788 < 0.001 0.895 < 0.001
Total score for crazy-paving and consolidation 0.880 < 0.001 0927 < 0.001

90.9% sensitivity and 87.5% specificity. Involvement of
more than 12 lung segments could differentiate group
A from other groups with 79.5% sensitivity and 43.7%
specificity.

Lyu et al. found that in severe case, the number of
involved segments increased with statistically signifi-
cant difference (> 8, sensitivity and specificity of
100% and 37%) [3].

Li et al. assessed the total severity score of COVID-19
patients, and they found that TSS for diagnosing
severe-critical type was 0.918. The TSS cutoff of 7.5
had 82.6% sensitivity and 100% specificity [7], while
Lyu et al. described TSS > 10 had 67% sensitivity and
74% specificity [3].

Also, Chung et al. did a study on 21 cases of COVID-
19 and found the total lung severity score ranged from 0
(in the three normal CT examinations) to a maximum of
19, with a mean score of 9.9. The patient with the high-
est lung severity score was admitted to the intensive care
unit [22].

The time interval between the initial CT scan and the
disease onset was significantly longer in severe/critical

cases compared to mild ones, and this might be partly
due to that some cases were only hospitalized with pro-
gression of the disease symptoms.

Comparing the quantitative parameters among differ-
ent clinical groups, most of them were significantly dif-
ferent in our study. The total opacity score, percentage
of opacity, and volume of opacity were significantly
higher in severe cases compared to the non-severe cases,
and these were consistent with previous results [4, 7].

Different from previous studies of the quantitative
analysis [4, 11, 17] that assessed the disease extension
depending on the quantifying opacification percentage,
our study also envaulted the relative volume of normal
lung density which was significantly lower in critical
cases and this could be very helpful for the management
of these patients and add an important value of quantita-
tive analysis in clinical practice.

The cutoff value for MLD in our study was — 637.7 to
differentiate between different groups with 81.8% sensi-
tivity and 81.9% specificity. Lyu et al. found in their
study that critical cases showed higher MLD > - 779 HU
with sensitivity and specificity of 100% and 73% [3].
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Fig 7 Scatter plot of the total severity score with the opacity score and crazy-paving consolidation score
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We observed in our data that the HAV and percentage
of high opacity were significantly higher in severe cases
denoting high-density lesions, which match with the in-
creased total score for crazy-paving and consolidation in
the qualitative method. HAV > -392.53 and the per-
centage of high opacity > 5.61 showed 81.8% and 90.9%
sensitivity and 62.5% and 81.2% specificity for the detec-
tion of critical/severe cases. MLD at cutoff value > -
637.7 HU showed 81.8% sensitivity and 81.9% specificity
for clinical group stratification.

This agreed with Lyu et al. who stated that HAV
values increased in more severe cases due to increased
high-density lesions. The higher HAV values (above than
- 200 HU) are seen in the critical cases [3].

The quantitative pneumonia analysis was standardized
depending upon the changes in lung density and volume
changes, except for cases with co-existent chest condi-
tion where the manual adjustment was performed if ne-
cessary, to ensure the accuracy of lung segmentation.

The limitations of our study included a specific soft-
ware that is required for the quantitative CT application
which may restrict its clinical application. That is why
the qualitative analysis can give a hand for initial disease
assessment as it also showed a good sensitivity and spe-
cificity for disease stratification allowing early manage-
ment of the critical cases. Our study included only the
initial CT study; assessment of the follow-up scans may
be recommended in later researches.

Conclusion

We concluded that the qualitative parameters including
the whole lung total severity score and the total score of
crazy-paving and consolidation can be used as a good in-
dicator for disease stratification, while the other parame-
ters could not distinguish moderate and severe disease
stages. Quantitative parameters have been shown to be
helpful in this and provide accurate discrimination of
this intermediate stage from severe one.
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