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HIGHLIGHTS

e CT pneumonia analysis program is an objective way to determine the disease severity.
o The population over the age of 60 and with certain comorbidities such as DM, CHF, and COPD are more prone to severe disease than other patients.
e CRP, Neutrophil/Lymphocyte, troponin levels are positive predictors for clinical worsening.
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Purpose: The aim of this study is to define the role of an “Automated Multi Detector Computed Tomography
(MDCT) Pneumonia Analysis Program’’ as an early outcome predictor for COVID-19 pneumonia in hospitalized
patients.

Materials and Methods: A total of 96 patients who had RT-PCR proven COVID-19 pneumonia diagnosed by non-
contrast enhanced chest MDCT and hospitalized were enrolled in this retrospective study. An automated CT
pneumonia analysis program was used for each patient to see the extent of disease. Patients were divided into
two clinical subgroups upon their clinical status as good and bad clinical course. Total opacity scores (TOS),
intensive care unit (ICU) entry, and mortality rates were measured for each clinical subgroups and also labo-
ratory values were used to compare each subgroup.

Resulits: Left lower lobe was the mostly effected side with a percentage of 78.12 % and followed up by right lower
lobe with 73.95 %. TOS, ICU entry, and mortality rates were higher in bad clinical course subgroup. TOS values
were also higher in patients older than 60 years and in patients with comorbidities including, Hypertension (HT),
Diabetes Mellitus (DM), Chronic Obstructive Pulmonary Disease (COPD), Chronic Heart Failure (CHF) and
malignancy.

Conclusion: Automated MDCT analysis programs for pneumonia are fast and an objective way to define the
disease extent in COVID-19 pneumonia and it is highly correlated with the disease severity and clinical outcome
thus providing physicians with valuable knowledge from the time of diagnosis.

1. Introduction

SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavirus-2) a
novel coronavirus causing COVID-19 was identified for the first time in
December 2019, in Wuhan, the capital city of Hubei province in China
[1]. The virus spread around the whole world in a short time and World
Health Organization (WHO) declared the pandemic status by 11 March

2020. The number of people infected throughout the world has reached
140 millions as of April 2021 and the number of total deaths is more
than 3 millions as reported by WHO [2].

Viruses are the most common cause of respiratory infections and
MDCT is the main diagnostic tool for diagnosing viral pulmonary in-
fections [3]. MDCT patterns of viral pneumonia are related to the
pathogenesis of viral infections. Most viral pneumonia imaging patterns
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share similarity on the basis of viridae, because they possess a similar
pathogenesis [3]. SARS-CoV-2 is the seventh known virus of corona-
viridae that can be transmitted from human-to-human causing serious
disease by involving multiple organs and mainly lungs, thus presenting
with pneumonia [4].

The clinical signs and symptoms of viral pneumonia are often
nonspecific, and also depend on the host’s immune status [5]. Radio-
logical imaging of the pneumonia is important to detect and assess
disease extent and to help to perform follow-up assessment and response
to treatment [5]. It can be difficult to differentiate viral pneumonia from
other infectious processes, and the cause of infection (eg, viral vs bac-
terial or fungal) cannot be reliably ascertained from its imaging
appearance [6].

Real-time reverse transcription-polymerase chain reaction (RT-PCR)
is the most commonly used test for detecting viral mRNA in COVID-19
patients by using nasopharyngeal swab to collect the samples. While
sensitivity and specifity of RT-PCR is still controversial and false nega-
tive results might occur in the first few days, MDCT remains the most
reliable diagnostic tool for diagnosing and following-up viral pneumo-
nias [6,7]. In a recent large meta-analysis of 6218 patients from 68
studies in and outside China, the pooled sensitivity of chest MDCT and
RT-PCR for the diagnosis of COVID-19 pneumonia were calculated as 94
% (95 % CI: 91-96 %) and 89 % (95 % CI: 81-94 %), respectively [8,11].

Pneumonia is the most common manifestation of COVID-19 and it is
associated with a high morbidity and mortality [8]. Easy accessibility,
rapid scanning techniques, high spatial resolution, post-processing
techniques, high sensitivity and specifity makes MDCT preferred imag-
ing modality for pneumonia. Ground glass opacities (GGO), crazy
paving pattern and consolidations are the most common chest CT find-
ings in patients with COVID-19 pneumonia [8,9]. The distribution of
these CT findings is usually bilateral and multilobar with a predominant
involvement of subpleural/peripheral and posterior regions of the lungs
[8,10].

Chest MDCT imaging also plays a role in prognostic assessment to
quantify the severity and outcome in COVID-19 pneumonia [7,8].
Automated pneumonia analysis softwares are enables physicians to
determine the extent of disease and helps to manage the patient by
prognosis prediction, risk priorisation, and assess the response to ther-
apy [7].

In this study an automated MDCT pneumonia analysis program has
been investigated as an early outcome predictor for hospitalized patients
with COVID-19 pneumonia.

2. Materials and methods
2.1. Patients and groups

This study is a single-center retrospective study approved by the
local Clinical Research Ethics Committee (KA20/441) and an informed
consent was taken from the patients. We retrospectively analyzed the
data of the hospitalized patients who were diagnosed with COVID-19 by
a positive RT-PCR test result and shown to have pneumonia by a non-
contrast enhanced chest CT from June to November 2020 in our hos-
pital. All patients were followed-up closely in an isolated ward with
oxygen saturation measurement and routine blood tests and the treat-
ment protocol was given according to the national guidelines as defined
by Turkish Ministry of Health. Patients who had no pneumonic infil-
tration, massive pulmonary effusion and who had a contrast enhanced
chest CT were excluded from this study. It was decided that pneumonic
scoring would not be appropriate in patients with primary and meta-
static lung malignancies, tuberculosis with dense fibrotic scars and large
atelectasis since total aerated lung parenchyma would decrease and
pneumonic infiltration opacities would be indistinguishable from the
opacities of the underlying disease and would lead to inaccurate results.
Therefore, these patients were excluded from this study. A total of 96
patients (60 men, 36 women, range of age: 28-100 years old) were
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divided into two subgroups according to their clinical course. RT-PCR
test sample was taken from nasopharyngeal swab of outpatients at the
time of application presenting with COVID-19 related symptoms (e.g.
fever, cough) and patients who were already hospitalized for some other
health conditions but developed pneumonia later.

According to the WHO clinical progression scale [12] patients were
included into group 1 (named as good clinical course) if hospitalized
with moderate disease meaning that patients either did not recieve ox-
ygen therapy (score 4) or received oxygen therapy by nasal cannula or
mask (score 5). Whereas group 2 (bad clinical course) included hospi-
talized patients with severe disease who entered intensive care unit
(ICU) and recieved oxygen by high-flow or non-invasive ventilation
(score 6) ; or intubation and invasive mechanical ventilation with
pO2/FiO2 > 150 or SpO2/Fi02 > 200 (score 7); or recieved mechanical
ventilation pO2/FiO2 < 150 or vasopressors (score 8); or recieved me-
chanical ventilation pO2/FiO2 < 150 and vasopressors, dialysis or
extracorporeal membrane oxygenation (ECMO) (score 9) or who died at
the end of the study (score 10). According to the above criteria there
were defined 58 cases with good clinical course and 38 patients with a
bad clinical course.

2.2. Chest MDCT protocol and assessment

All patients were assigned to a 64-slice multidetector CT scanner
(Somatom® go.All; Siemens Healthineers, Forchheim, Germany). This
scanner is reserved for COVID-19 suspected patients only. The CT room
was disinfected after the examination of each patient was completed. All
patients were examined in the supine position. MDCT images were then
acquired during a single inspiratory breath-hold. The scanning range
was from the apex of the lung to the costophrenic angle. Scan parameters
were as follows: X-ray tube parameters 110 kVp, 76 mAs; rotation time
0.5 s; pitch 0,7; z cover 32 x 0,7 mm and a slice thickness of 3 mm with 1
mm reconstructions.

Chest MDCT imaging findings such as pleural thickening, subpleural
lines, pleural effusion, pericardial effusion, mediastinal lymphadenop-
athy; parenchymal infiltration pattern as peripheral, peripheral-central,
ground glass opacities, crazy paving pattern, consolidation and reverse
halo sign were noted for all patients.

Image analyses for pneumonic severity score was made by an auto-
mated lung opacity analysis program “CT Pneumonia Analysis” which is
provided by (Siemens Healthineers, Forchheim, Germany), The CT
Pneumonia Analysis prototype was performed on a non-contrast Chest
MDCT axial data with 1 mm reconstructed slice thicknesses. Multiplanar
reconstruction (MPR) images were obtained which contain lung seg-
mentations and opacity areas with percentage of pneumonic infiltration
and an opacity score. The algorithm automatically detects and quantifies
abnormal tomographic patterns commonly present in lung infections,
namely ground glass opacities (GGO) and consolidations. Based on 3D
segmentations of lesions, lungs, and lobes, the algorithm quantifies the
extent of overall abnormalities and the presence of high opacity ab-
normalities, both globally and lobe-wise. The severity of COVID-19
pneumonia was measured by measuring percentage of ground glass
opacity (PO), percentage of high opacity (PHO, consolidation), total
opacity score (TOS) which refers lobe-wise involvement of pneumonia
for each 5 lobes and ranges between 0—4 for each lobe and totally ranges
between 0-20 for all lung parenchyma (Fig. 1) [7]. Data process and
calculation results take 1-2 min. After automatically measurement, the
program allows the user to correct manually lung segment borders and
false positive or false negative pneumonic opacities (Fig. 1).

- Score 0: lobe is not affected

- Score 1: 0-25 % of the lobe affected

- Score 2: 25-50 % of the lobe affected

- Score 3: 50-75 % of the lobe affected

- Score 4: 75-100 % of the lobe affected

All CT examinations were independently reviewed by two chest ra-
diologists with experience in Syngo via workstation (Siemens
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Fig. 1. A 52 years old woman presented with cough weakness and fatigue. Layout image of CT Pneumonia Analysis contains, axial, sagittal, coronal reformat images
of lung parenchyma with color-coded lines (yellow - RUL, pink - ML, dark green - RLL, light green - LUL, blue - LLL) mark the borders of lung lobes and red lines
which presents in both lungs, mark opacity areas of lung. Volume rendering image (right lower) demonstrates the spatial distribution of the opacities as red areas
which involves both lungs. Summary tables of quantitative results show lung segmentations and opacity areas with percentage of pneumonic infiltration and an
opacity score (TOS). On the left upper corner of the image lung segmentations and opacity areas editing tools are also available. (For interpretation of the references

to colour in the Figure, the reader is referred to the web version of this article).

Healthineers, Forchheim, Germany). After automatically measurement
of lung opacities, radiologists reviewed all results and edited images if
needed. Although only in a few patients required minor contour ad-
justments to exclude hilar vascularities in images obtained after auto-
mated measurement, they were not large enough to affect scoring
results.

2.3. Statistical analysis

Statistical analysis was performed in IBM SPSS version 25.0 program.
Hypotheses were tested at a = 0.05 significance level. The compliance of
the data to normal distribution was examined by Shapiro-Wilk test and
the homogeneity of variances by Levene test. Descriptive statistics of all
variables were calculated. In cases where the normal distribution
assumption was not provided, Mann Whitney U test and Spearman’s
rank correlation analysis were performed. In examining the relationship
between categorical variables, 2 x 2 Pearson Chi Square and Fisher’s
Exact test results were given. Receiver operating characteristic (ROC)
Curve analysis results were examined in determining the cut-off point
for the total opacity score.

3. Results
3.1. Demographic characteristics of the patients
A total of 96 patients were included in this study. 58 patients (38 %

female, 62 % male) were in the good clinical course group with an
average age of 63.75 years (range: 31-93). 38 patients (36.8% female,

63.2% male) were included in the bad clinical course group with an
average age of 70.9 (range: 28-100) years. The average period of hos-
pitalization was calculated as 134 days with a range from 1 to 41 days.
When compared according to the clinical status the group with good
prognosis had a hospitalization period of 11.53 + 7.3 days and the group
of patients with bad prognosis had a longer period equal to 16.29 +
10.19 days. 40 (41.6%) of 96 patients were transferred to ICU during the
hospitalization, but 2 of them were admitted in ICU for close follow-up
only and did not meet the criteria to be included in the bad prognosis
group according to the WHO definition. The overall mortality was 35.4
% (n = 34) and 77.5% of the patients admitted to the ICU (n = 31).

Table 1

Comorbidities of patients.
Type of disease No ICU ICU
HT 48 (50 %) 24 (60 %)
DM 26 (27.1 %) 16 (40 %)
CAD 25 (26 %) 14 (35 %)
Malignancy 12 (12.5 %) 1 (2.5 %)
COPD 12 (12.5 %) 8 (20 %)
CHF 9 (9.4 %) 6 (15 %)
Patients with solid organ transplant 7 (7.3 %) 3 (7.5 %)
CKD 9 (9.4 %) 4 (10 %)
CLD 5(5.2 %) 1(2.5%)
Other 30 (31.3 %) -
None 9 (9.4 %) 1(2.5%)

HT: Hypertension, DM: Diabetes Mellitus, CAD: Coronary artery disease, CHF:
Congestive heart failure, CKD: Chronic kidney disease, CLD: Chronic liver
disease.
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The patients included in this study had a variety of comorbidities
(Table 1). The frequency of comorbidities was higher in the group
admitted in ICU and there was only one patient who was 41 years old
male without any previously known comorbidities who died at the 4th
day of his hospitalization at ICU. This patient’s troponin levels were very
high (the highest among 96 patients) and he died because of fulminant
myocarditis.

21 patients were re-hospitalized and 3 of them died during this
period, whereas the other 18 cases were discharged.

3.2. Laboratory findings

Laboratory findings of 96 patients who were grouped according to
the clinical course (Table 2). CRP and troponin levels were higher in the
bad prognosis group whereas neutrophil to lymphocyte ratio was higher
in the good prognosis group and the difference was found to be statis-
tically significant (p < 0.05).

3.3. Computed tomography findings

Left lower lobe was the most affected part of the lung with a per-
centage of 781% and the second was right lower lobe with a percentage
73,95 %. The lower lobe scores were higher than the middle and the
upper lobe scores in all patients. The main radiologic feature was GGO
(948%) which were distributed peripherally and centrally with lower
lobe predilection (Table 3). The other radiological findings were con-
solidations, crazy paving pattern, sub-pleural lines, pleural thickening,
pleural effusion, pericardial effusion and mediastinal lymphadenopa-
thies (ie, lymph nodes with a short-axis diameter >1 cm) (Table 3,
Figs. 1, 2). Mediastinal lymphadenopathy was seen in 25 patients and 17
(68 %) of them were classified in the bad clinical course group. Neither
reverse halo nor fibrosis were seen in any patient.

3.4. Pneumonia analysis and clinical outcome

TOS was found significantly higher in the bad clinical course, ICU
entry and the mortality groups (Table 4). TOS values of patients who’s
older than 60 years were significantly higher than the younger group (U
= 487.50, Z=—3.989 p < 0.05) (Table 4).

DM, CHF, COPD and the presence of a malignancy were the condi-
tions in which TOS were significantly higher than the other patients
(Table 4). There were no statistically difference between patients with or
without HT for TOS (Table 4). The highest TOS among 96 patients was
calculated as 18 and the patient was a 71 years old male with many
comorbidities such as Rheumatoid Arthritis, DM and HT. He died at 5th
day of his hospitalization in ICU. The second highest value of TOS was

Table 2
Laboratory findings variables according to clinical course status.
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Table 3
Chest CT findings of patients at the time of admission.
Frequency Percentage(%)

Ground Glass Opacity 91 94.8
Peripheral-Central distrubution 75 78.1
Pleural Thickennig 74 77.1
Consolidation 62 64.6
Crazy Paving 37 38.5
Pleural Effusion 35 36.5
Subpleural Lines 34 35.4
Mediastinal Lymphadenopathy 25 26
Peripheral disrtubution 21 21.9
Pericardial Effusion 12 12.5
Fibrosis 0 0
Reverse Halo 0 0

17 and the patient was 55 years old male with HT and DM. He died at
24th day of his hospitalization in ICU. The third highest value of TOS
was 16, the patient was an 81 years old male who was a renal transplant
receiver with psoriatic arthritis. After 17 days hospitalization in ICU he
improved and could be discharged from the hospital.

Cut-off value for TOS between good clinical course and bad clinical
course subgroups was found as 5 according to ROC curve analysis with a
sensitivity 63.6% and specifity 75.44 % (Fig. 3). Whereas ROC curve
analysis results for cut-off values of TOS regarding the mortality was also
found to be 5 with a sensitivity 67.65 % and specifity 74.19 % (Fig. 4).

As a result of Spearman’s rank correlation, there was a statistically
significant moderate positive correlation between CRP and TOS value (rs
= 0.53; p < 0.05).

4. Discussion

Our study was designed to investigate the role of an automated
pneumonia analysis program as “CT Pneumonia Analysis’’ in prediction
of clinical outcome and the possible role might it have in the manage-
ment of the hospitalized patients with COVID-19 pneumonia. All of 96
patients were hospitalized at admission or they were diagnosed for
COVID-19 pneumonia while they were inpatients for some other
reasons.

In accordance with other published studies the main radiological
feature was GGO which can be explained by the early stage of the disease
and distributed peripherally and centrally with lower lobe predilection
[14-22]. Pleural thickening, consolidation, crazy paving, pleural effu-
sion, sub-pleural lines, mediastinal lymphadenopathy, pericardial effu-
sion were the other chest CT findings.

In this study we found that automated pneumonia analysis program
results are compatible with other prognostic factors such as age and co-

Clinical Course N Mean Median Std. Deviation Std. Error Mean Mann Whitney U test
CRP (mg/1) - % 6200 235 ssedrs 1592608 U= 80300, 7--2127 p < 005
oy ool om0 o
ey A A R
ooy S oolem e amm s
Neutrophil/Lypmhocyte g;;gd 2; f;zgg gg; 2273?2225 1??622742871 U = 745.00, Z=-2.395 p < 0.05
s 5 o I me o mac EEL s ey
Creatine Kinase (units/L) g;’gd ;2 5;‘7‘3 zgzgg fgg:;ig ?:gg U = 711.00, Z=—1.521 p = 0.128
Procalcitonin (ng/mL) g:gd gg gggfg g:;g 1;;222; §I§§§§§ U = 533.00, Z=—1.273 p = 0.203
ooy 58 Roons o mem gm a aumon
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Fig. 2. A 62 years old man who has HT, DM and a history of renal trans-
plantation presented with COVID-19 pneumonia. Axial chest CT image (a) of CT
Pneumonia Analysis shows bilateral peripherally and centrally distributed
ground glass opacities in both upper lobes marked within red lines. Color-coded
lines (yellow - right upper lobe, green — left upper lobe, blue — left lower lobe)
mark the borders of lung lobes. Volume rendering image (b) of same patient
demonstrates the spatial distribution of the opacities as red areas which in-
volves both lungs, predominantly upper lobes. (For interpretation of the ref-
erences to colour in the Figure, the reader is referred to the web version of
this article).

Table 4

European Journal of Radiology Open 8 (2021) 100370

morbidities. TOS were higher in bad clinical course group, patients older
then 60 years, patients with DM, CHF, COPD and malignancy and it was
compatible with ICU entry and mortality status. CRP, Neutrophil/
Lymphocyte, troponin levels were found as positive predictors of clinical
worsening whereas higher D-dimer levels were correlated with mortal-
ity status [22,28,29].

Like other previous studies, our hypothesis was that automated
diagnosis and quantification programs for pneumonia are valuable in
predicting clinical outcome, helps physicians in triaging patients and to
start appropriate treatment as soon as possible [13,22,23].

In a recent study, Ran Y. et al. investigated the importance of a
semiquantitative chest CT severity scoring (CT-SS) program to differ-
entiate clinical forms of COVID-19 pneumonia. In contrast with our
study in their study the lung opacities were subjectively evaluated on

ROC Curve
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Fig. 3. TOS ROC curve for clinical course. AUC = 0.72, Specificity 75.44 %,
sensitivity 63.16 %, Cut-off value = 5.

Examination of total opacity score values according to clinical course, ICU entry, mortality, age and DM.
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Fig. 4. TOS ROC curve for mortality. AUC = 0.763, specificity 74.19 %,
sensitivity 67.65 %, Cut-off value = 5.

chest CT images while it was fully automated in our study. In accordance
with our study they found CT scoring usefull to expedite triage of pa-
tients in need of hospital admission [13].

Marko F. et al. made a similar approach on semiquantitative chest CT
pneumonic scoring and it’s correlation with severity and short-term
prognosis in COVID-19 patients [22]. In accordance with our study
they found CT scoring could help to stratify patient’s risk and predict
short-term outcome of COVID -19 patients.

A similar approach was made by Furkan U. et al. who assessed the
severity of COVID-19 by quantitative and semiquantitative methods, but
in a different way by calculating the involved lung volume with a for-
mula including total lung from which the healthy lung part is subtracted
and divided then by total lung volume to obtain a ratio [24]. In contrast
with our study they used an external software to calculate pneumonic
scores which could make some delay to get results in a pandemic
burden. They also reported in a similar way that the left lower lobe of
lung was the most involved part in accordance with our study [24].

Our study investigated a fully automated pneumonic scoring proto-
type program as called “CT pneumonia Analysis’’ (Siemens Healthi-
neers, Forchheim, Germany) which doesn’t require any user
intervention that affects results. The program provides fast and reliable
results, as well as measuring the extent of the disease throughout the
lobe, the right and left lung, as well as the total lung, and visually
demonstrating the extent of the disease with MPR and VRT images
which is useful in daily practice.

While different scoring programs are defined by different manufac-
turers, the main result from different studies is similar [13,22,23].

The limitations of this study were the small number of patients
included and only the CT and laboratory values at admission were used.

It is important to know clinical outcomes of COVID-19 pneumonia
among different patient subgroups and to define the most vulnerable
patients. Management of the patients with COVID-19 pneumonia is
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highly dependent on the fast diagnosis and revealing of the severity of
lung involvement. Chest radiographs can cause false negativeness for
early abnormalities of the COVID-19 pneumonia and also might not be
enough to reveal the disease severity [4,13,23,25]. On the other hand,
RT-PCR test results take a while and false negativeness is another issue.
Moreover, it is well known that chest CT findings of COVID-19 pneu-
monia has similarities with and cannot be distinguished from other
viral-atypical pneumonias [23,26,27]. In the conditions of a pandemic,
chest CT scan has a unique place as the main, fastest and most reliable
diagnostic tool available to diagnose and to reveal the disease severity of
COVID-19 pneumonia.

MDCT automated pneumonia analysis programs which are being
used nowadays need to be developed and improved in order to differ-
entiate consolidation from nodules, masses, fibrosis, atelectasis and the
other etiological agents of the pneumonia.

5. Conclusion

MDCT automated analysis programs for pneumonia are fast and
objective diagnostic tools in the pandemic disease burden and very
useful and reliable in patient’s risk stratification and determination of
the early outcome. Lung involvement is positively correlated with bad
clinical course, ICU entry and mortality. Hospitalized patients with co-
morbidities and older than 60 years are the most vulnerable patients
for severe disease and should be monitored closely for clinical wors-
ening. Future larger studies will enlighten the value of CT scoring sys-
tems in diagnosing and management of the COVID-19 pneumonia.
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