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Abstract
Background: Computed tomography (CT) gives an idea about the prognosis in patients with COVID-19 lung

infiltration.

Purpose: To evaluate the success rates of various scoring methods utilized in order to predict survival periods, on the

basis of the imaging findings of COVID-19. Another purpose, on the other hand, was to evaluate the agreements among

the evaluating radiologists.

Material and Methods: A total of 100 cases of known COVID-19 pneumonia, of which 50 were deceased and 50

were living, were included in the study. Pre-existing scoring systems, which were the Total Severity Score (TSS), Chest

Computed Tomography Severity Score (CT-SS), and Total CT Score, were utilized, together with the Early Decision

Severity Score (ED-SS), which was developed by our team, to evaluate the initial lung CT scans of the patients obtained

at their initial admission to the hospital. The scans were evaluated retrospectively by two radiologists. Area under the

curve (AUC) values were acquired for each scoring system, according to their performances in predicting survival times.

Results: The mean age of the patients was 61� 14.85 years (age range¼ 18–87 years). There was no difference in co-

morbidities between the living and deceased patients. The survival predicted AUC values of ED-SS, CT-SS, TSS, and Total

CT Score systems were 0.876, 0.823, 0.753, and 0.744, respectively.

Conclusion: Algorithms based on lung infiltration patterns of COVID-19 may be utilized for both survival prediction

and therapy planning.
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Introduction

The World Health Organization (WHO) declared the

epidemic, which originated in the Wuhan province of

China in December 2019 and outspread to the entire

world, a pandemic (1). The gold standard utilized in the

diagnosis of the SARS-CoV-2 infection is the reverse-

transcription polymerase chain reaction (RT-PCR) test

(2). Radiologic imaging, too, plays a very important

role in the diagnosis and follow-up of the disease.

Lung computed tomography (CT) findings are
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especially useful in the diagnosis of the disease when
RT-PCR tests are negative (3).

The majority of patients with COVID-19 experience
disease with mild symptoms, whereas some patients
develop severe clinical conditions such as pneumonia,
pulmonary edema, acute respiratory distress syndrome,
and even multiple organ failure. The severity of the
clinical conditions may even lead to death (4,5). Lung
CT is a very effective tool in the diagnosis, follow-up,
and prognostic prediction of patients with COVID-19
pneumonia (6,7). Various CT severity scoring systems
have been developed and tried since the very first days
of the pandemic in order to make a comparative eval-
uation of the disease and predict survival outcomes.
The contemporary scoring systems in use are the
Total Severity Score (TSS), the Chest Computed
Tomography Severity Score (CT-SS), and the Total
CT Score (8–10). These systems are in use in general
practice in various centers, and they possess their own
advantages and disadvantages. These systems usually
aim to predict mild and severe pneumonia. The aim of
the present study was to compare these semi-
quantitative scoring systems with our unique Early
Decision Severity Score (ED-SS) system, in terms of
the prediction of fatality in COVID-19. We aimed to
investigate which method would prove best, and most
practical for this predictive function, in the present era
of severe contagion dissemination.

Material and Methods

Selection and preparation of the cases for the
interpreters

The present study was planned as a single-center and
retrospective study. Approval for the study was
obtained from both the ethical committee and the
Ministry of Health. A total of 100 cases of COVID-
19 were included in the study. These were cases whose
diagnoses had been confirmed with at least one RT-
PCR test, between April 2020 and August 2020.
During this period, the PCR tests of 572 of 3070
patients with suspected COVID-19 was positive.
Among these patients, those who had a thoracic
tomography scan and had a PCRþ history and
whose detailed medical history could be accessed
from our hospital’s information system were evaluated.
In total, 187 patients who met the inclusion criteria
were identified. In our study, in order to reduce the
selection bias as much as possible, we used two differ-
ent referees (clinician and radiologist) in patients’
choices and CT interpretation processes. While select-
ing the patients, we aimed to keep the clinician referee
unaware of the CT findings. The clinician referee
excluded the following: cases whose initial CT scans

were done not on initial admission to hospital but

were done later; cases with primary lung malignancies

or lung metastases; cases with a history of lobectomy or

other surgical interventions; and cases with a history of

a radiotherapeutic procedure. A total of 53 deceased

and 54 surviving patients with similar co-morbid con-

ditions and ages were assigned to the radiologist referee

by the clinician referee. After the exclusion of seven

patients whose images were not suitable for optimal

evaluation by the radiologist referee, 50 survivors and

50 deceased patients were ready for rater to score. All

patients received the standard therapy protocol desig-

nated by the Turkish Ministry of Health (https://

covid19.saglik.gov.tr). The 100 cases included in the

study were divided into two groups of 50 each. One

group consisted of the living cases and the other con-

sisted of the deceased cases. In the surviving patient

group, their wellbeing was confirmed for at least 30

days after discharge. DICOM images were anonymized

and prepared for the interpreters.

Thorax CT imaging

Thorax CT scans were performed in a 128-detector

scanner (Philips Ingenuity 128; Philips, Eindhoven,

The Netherlands). All scans were completed in a

single breath-hold in the supine position. The standard

scanning area was designated as the space between the

apex of the lungs and the costophrenic angles. The CT

parameters were designated as follows: 80–120 kVp;

100–200 mAs; gantry rotation time¼ 0.4 s; pitch¼ 0.8

or 1; slice thickness¼ 1mm; and slice

reconstruction¼ 3mm. Axial, sagittal, and coronal

reformatted images were acquired from the raw slices.

The radiation dose received by the patients was calcu-

lated as 3–5.5 mSv.

CT severity evaluation

All four scoring systems, three of which were present in

the literature and one which was our original product,

were utilized for all cases. Infiltrations and consolida-

tions such as the ground-glass and crazy paving pat-

terns were evaluated using all four modalities.
1. Total Severity Score: This system was developed

by Kunwei et al. (8), who investigated the relationship

between the visual CT scoring system and disease cat-

egory (11). In this scoring system, all five lobes of the

two lungs are evaluated independently and scored

based on the percentage of involvement. These scores

of involvement are categorized as follows: 0¼ 0%

involvement; 1¼ 1%–25% involvement; 2¼ 26%–

50% involvement; 3¼ 51%–75% involvement; and

4¼ 76%–100% involvement. The patient score (TSS)

is acquired by the cumulation of all scores obtained
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from the five lobes, and its maximum value is desig-
nated as 20.

2. Chest Computed Tomography Severity Score:
This system was developed by Yang et al. (9) These
researchers investigated the relationship between the
disease category and the visual CT scoring system
(11). In this scoring system, the total of 18 segments
of the two lungs were redesignated as 20 segments. In
order to do this alteration in segment numbering, the
posterior apical segment of the left upper lobe was fur-
ther divided into the apical and posterior segments; and
the anteromedial basal segment of the left lower lobe
was further divided into the anterior and basal seg-
ments. The scorings made on the basis of the percent-
age of the involved areas were designated as follows:
0¼ 0% involvement; 1¼ 1%–50% involvement;
2¼ 51%–100% involvement.

3. Total CT Score: This is a modality developed by
Wang et al. (12) from a preliminary model (13). This
system divides each lung into three regions: the upper
region (above the carina), and the middle and lower
regions (below the lower pulmonary vein). Every
region is evaluated with a scoring scale of 0–4.
Scoring on the basis of zonal involvement is as follows:
0¼ 0% involvement; 1¼ 1%–25% involvement;
2¼ 26%–50% involvement; 3¼ 51%–75% involve-
ment; and 4¼ 76%–100% involvement. The patient
score (Total CT Score) is the sum of the scores acquired
from the six zones, and its maximum value is desig-
nated as 24.

4. Early Decision Severity Score: This scoring
system was developed by our research team. The
system makes a combined evaluation of the patient
based on the visual CT scorings, intubation necessities,
and mortality rates (ED). In this system, both lungs are
divided into two regions according to their relation-
ships with the major fissures. The scoring scales are
based on the areal size of involvement; and the percen-
tages and scores are designated as follows: 0¼ 0%
involvement; 1 ¼1%–25% involvement; 2¼ 26%–
50% involvement; 3¼ 51%–75% involvement; and
4¼ 75%–100% involvement. The patient score (ED-
SS) is the sum of the scores acquired from the four
regions, and its maximum value is designated as 16.

The evaluation of the images was performed inde-
pendently by two radiologists: a radiology specialist
with four years of experience and a final-year radiology
resident. All interpretations were performed under
observation by a referee. All patients were evaluated,
with a two-week interval, in order to prevent any inter-
preter bias. The interpreters did not know the medical
conditions of the patients. The duration of the evalua-
tion process and the results of these evaluations and
time were recorded by the referee for each system. If
there were any conflicting results between the two

interpreters, a consensus was acquired under the audit-
ing of a senior radiologist with 18 years of experience.

Statistics

The SPSS version 23.0 program was utilized for the
statistical analyses of the data. The categorical varia-
bles were defined as numbers and percentages, while
continuous variables were appointed as the mean�
SD (range). Distribution of the variables was compared
against the normal distribution patterns using histo-
grams and probability graphics as well as analytical
methods such as the Kolmogorov–Smirnov and the
Shapiro–Wilk tests. The chi-square and Fisher preci-
sion tests were used to compare the categorical varia-
bles. The Student’s t-test was utilized for parameters
that showed congruence with the normal distribution;
whereas the Mann–Whitney U test was used for
parameters that were not consistent with normal distri-
bution. Sensitivity and specificity were calculated based
on the results of the scorings and the mortality condi-
tions of the cases. The area under the curve (AUC) was
calculated on the receiver operating characteristic
(ROC) curve and a cut-off value was designated. The
reliability among the interpreters was assessed using the
inter-class correlation coefficients (ICCs) for continu-
ous variables. The ICCs were classified as follows: 0–
0.2¼no agreement; 0.21–0.40¼ weak agreement; 0.41–
0.60¼mild agreement; 0.61–0.80¼ good agreement;
and 0.81–1.0¼ perfect agreement. The statistical signif-
icance level was designated as 0.05 for all tests.

Results

There were 61 men (61%) in the present study. The
mean age of the cases was 61� 14.8 years (age
range¼ 18–87 years). No statistically significant differ-
ences were found between the living and the deceased
cases, in terms of co-morbidities (P> 0.05). Dyspnea,
on the other hand, was found to be more frequent in
the deceased cases. This difference was found to be
statistically significant. The mean hospitalization time
for the living and deceased cases was 6 days (range¼ 3–
26 days) and 10 days (range¼ 0–62 days), respectively.
Other basic data are given in Table 1.

The scorings of all patients carried out by the two
radiologists on the basis of the TSS, CC-SS, Total CT
Score, and ED-SS systems are given in Table 2. The
evaluations done by both interpreters disclosed the fact
that the mean scores of the deceased were higher than
those of the living, cases (P< 0.05).

The most successful system in predicting the survival
outcomes was found to be the ED-SS system, for both
interpreters. The AUC values were found to be 0.876
and 0.872 for interpreters 1 and 2, respectively.
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The AUC, sensitivity, specificity, and the positive and

negative predictive values for all scoring systems are

shown in detail in Table 3. The ROC curves for both

interpreters are shown in Fig. 1.
The agreement of the intraclass correlation values of

the interpreters in all scorings were found to be rather

high. The highest congruence was acquired at the CT-

SS system. The detailed data are shown in Table 4.
The fastest evaluation was made by the Total CT

Score system. In all systems, the more experienced

interpreter performed the fastest evaluations. The eval-

uation duration times for both interpreters are shown

in Table 5.

Discussion

Various scoring systems were developed from the very

beginning of the pandemic in order to build an

evaluation correlation between the clinical and radio-
logical findings of the disease, based on the findings of
thorax CT scans (8,9,14). These systems had proved to
be functional; however, a solid consensus was still miss-
ing among radiologists on which system was the most
effective, practical, applicable, and fast. The aim of the
present study was to evaluate previous systems and
ours together and make a comparison among these
systems.

The highest level of success in predicting survival in
all systems was with the ED-SS, the system we devel-
oped. This system had an AUC value of 0.876, a sen-
sitivity of 0.74, and a specificity of 0.88. In previously
developed systems, AUC values are CT-SS, TSS, and
Total CT score systems, respectively, from high to low:
CT-SS: AUC¼ 0.744, sensitivity¼ 76%, specific-
ity¼ 84%; TSS: AUC¼ 0,753, sensitivity¼ 76%, spe-
cificity¼ 66%; Total CT Score: AUC¼ 0.744,

Table 2. Interpreter scores obtained from all scoring systems.

Alive (n¼ 50) Deceased (n¼ 50) P

TSS (Interpreter1) 3 (1–17) 7.5 (1–20) 0.00

TSS (Interpreter2) 3 (1–11) 7.5 (1–18) 0.00

Total CT (Interpreter 1) 4.5 (0–20) 9 (1–24) 0.00

Total CT (Interpreter 2) 4.5 (0–18) 9 (1–24) 0.00

CT-SS 1 (Interpreter 1) 7 (0–36) 23 (1–40) 0.00

CT-SS 2 (Interpreter 2) 7 (0–34) 22 (1–40) 0.00

ED-SS 1 (Interpreter 1) 3.5 (0–10) 9 (2–16) 0.00

ED-SS (Interpreter 2) 4 (0–10) 9 (4–16) 0.00

Values are given as median (range).

CT-SS, Chest Computed Tomography Severity Score; ED-SS, Early Decision Severity Score; TSS, Total Severity Score.

Table 1. Demographic data.

Parameters Total (n¼ 100) Alive (n¼ 50) Deceased (n¼ 50) P

Age (years) 61� 14.8 58.2� 5.1 63.8� 14.5 0.060

Onset of symptoms to hospital (days) 8 (0–62) 6 (3–26) 10 (0–62) 0.015

Sex

Female 39 (39) 23 (46) 16 (32) 0.151

Male 61 (61) 27 (54) 34 (68)

Co-morbidities 86 (86) 35 (70.0) 51 (51)

Hypertension 28 (28) 13 (26) 15 (30) 0.656

Diabetes mellitus 25 (25) 11 (22) 14 (28) 0.486

COPD 6 (6.0) 2 (4) 4 (8) 0.400

Heart disease 13 (13) 4 (8) 9 (18) 0.137

CKD 8 (8) 3 (6) 5 (10) 0.461

Stroke 6 (6) 2 (4) 4 (8) 0.400

Symptoms and signs

Fever 23 (23) 10 (20) 13 (26) 0.476

Cough 41 (41) 21 (42) 20 (40) 0.839

Dyspnea 46 (46) 7 (14) 39 (78) 0

Abdominal pain/diarrhea 7 (7) 2 (8.0) 5 (10) 0.695

Values are given as n (%), mean� SD, or median (range).

CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease.
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sensitivity¼ 76%, specificity¼ 82%. In their study, Li

et al. (8) calculated an AUC value of 0.918, sensitivity

of 82.6%, and specificity of 100% in the detection of

serious and critical diseases in the TSS system. The CT-

SS system, which was developed by Yang et al. (9), had

a sensitivity of 83.3%, specificity of 94%, and AUC

value of 0.892, in the detection of serious disease. The

Total CT Score, on the other hand, was developed by

Abbasi et al. (15); it had an AUC value of 0.839, sen-

sitivity of 84%, and specificity of 66%, in the predic-

tion of survival rates. It has been noticed that the AUC

values determined for each previous system are high. In

our evaluations, the reason for the relatively low AUC

values compared to other studies is that the number of

patients who died in these studies is very low compared

to the number of patients participating in the general

study, and that age and co-morbid conditions are not

matched. There was no significant difference between

the groups evaluated in our study in terms of co-

morbid conditions and mean ages. In this respect, in

the comparison of the two groups, we think that we can

evaluate more objectively the success of the semi-

quantitative scoring systems to be made on the first

thorax CT at admission.

The contemporary literature reveals that various
radiologic imaging clues have been used during the ini-
tial applications to predict prognosis. Quantitative soft-
ware is available to predict the prognosis of patients
with COVID-19 pneumonia and to review possible
treatment changes accordingly (16–18). Besides, there
are artificial intelligence (AI) models developed based
on CT and their success rates are quite high (19,20). It
is a fact that more studies are needed on the repeatabil-
ity and widespread use of AI methods and their tran-
sition to routine practice. On the other hand, technical
equipment is required for both quantitative evaluation
and AI models, user training is required, and accessi-
bility and cost are important problems. The rapid and
ongoing spread of the contagion of SARS-CoV-2 has
mandated the development of a better and more prac-
tical system for prognosis.

There has been a race against time since the out-
break of the pandemic, which is why it has always
been very important to predict the outcome of the dis-
ease process from lung CT images in patients with
COVID-19. In this regard, it is very important that
the CT scoring systems are practical and useful and
have high predictive power. The ED-SS system was
developed by our research team, and it has proved to
have a superior ability to determine the prognosis in
patients with COVID-19. This success of the ED-SS
system may be attributed to the fact that the system
does not deal with anatomical detail, but instead vali-
dates the involved lung areas directly and with great
precision. Short evaluation times and easy teachability
are other advantages of the system. Among the systems
developed before ours, the CT-SS system has the high-
est precision in predicting survival outcome. However,
this system still has its own disadvantages: it necessi-
tates a detailed anatomical knowledge, and it also takes
a long time for evaluation. The TSS system was the
third in line in survival prediction. The biggest advan-
tage of this system is that it makes a lobar evaluation.
Its other advantage is the rather short period of time
spent on the evaluation process. The lowest success rate
in survival prediction belongs to the Total CT Score
system. Nevertheless, this system still has the advantage
of a short evaluation time.

Table 3. Detailed AUC, sensitivity, specificity, PPV, and NPV for all scoring systems.

AUC 95% CI Cut-off Sensitivity (%) 95% CI Specificity (%) 95% CI PPV NPV P

TSS 0.753 0.658–0.849 >4 76 61.8–86.9 60 51.2–78.8 69.1 73.3 <0.001

Total CT 0.744 0.647–0.840 >5 76 61.8–86.9 62 47.2–75.3 66.7 72.1 <0.001

CT-SS 0.823 0.739–0.908 >16 76 61.8–86.9 84 70.9–92.8 82.6 77.8 <0.001

ED-SS 0.876 0.809–0.942 >5 74 59.7–85.4 86 73.3–94.2 84.1 76.8 <0.001

AUC, area under the curve; CT-SS, Chest Computed Tomography Severity Score; ED-SS, Early Decision Severity Score; NPV, negative predictive value;

PPV, positive predictive value; TSS, Total Severity Score.

Fig. 1. The receiver operating characteristic curves of all sys-
tems are shown.
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These scoring systems are very compatible and prac-

tical for radiologists with sufficient expertise (Figs. 2 and

3). The findings of the present study demonstrated that

the intraclass agreement coefficients were rather high in

both our system and in other previously developed sys-

tems. Unfortunately, in today’s pandemic conditions, it

is usually not the radiologist who performs the initial

evaluation. Therefore, it is of utmost importance that

Fig. 3. (a–f) A 39-year-old female patient was admitted to the emergency room with high fever and shortness of breath. She was
discharged after six days of hospitalization. Common ground-glass densities are observed in both lungs. (a–d) Transverse CT scan in
Total Severity Score and Chest Computed Tomography Severity Score, (d) coronal CT scan in Total CT Score, and (e, f) sagittal CT
scan in Early Decision Severity Score were evaluated.

Fig. 2. (a–f) A 59-year-old female patient was admitted to the emergency department with a high fever and shortness of breath. The
patient was hospitalized and died seven days later. Common ground-glass densities are observed in both lungs. (a–c) Transverse CT
scan in Total Severity Score and Chest Computed Tomography Severity Score, (d) coronal CT scan in Total CT Score, and (e, f) sagittal
CT scan in Early Decision Severity Score were evaluated. CT, computed tomography.
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these systems are easily teachable for the radiology res-

idents as well as other specialists. The learning curve for
the segmental system of the lungs is steep and hard. It is

easier to use the lobar, zonal, and fissural evaluation
systems, in terms of an easier learning process. The fis-

sural evaluation system is themost successful one among
these systems. Its validation in different centers may be

beneficial for a better outcome.
The present study has some limitations. First, it was

a single-center study. In addition, the number of cases
was not very satisfying, and our system and other pre-

vious systems were not compared with quantitative sys-

tems. However, this disadvantage may be neglected,
because many clinics lack quantitative systems; besides,

it is not easy to utilize these systems. Systems not neces-
sitating the utilization of extra equipment or software

are much more practical and useful. In our study, we
aimed to develop a CT-based validation system. Since

our general study group is an elderly group with co-
morbid diseases, we think that there is a limitation in

its adaptation to the general society. We believe that
this is the reason for our prediction of poor survival

with a lower CT score than previous studies. A process
completely unaware of patients’ CT scans was estab-

lished to evaluate the compatibility of CT scoring sys-
tems between practitioners and clinical outcomes. We

think that this reduces cross-system bias in patient
selection as much as possible.

In conclusion, the present study has demonstrated
that CT-SS, TSS, and Total CT Score systems can be

used to obtain information about the prognosis of

patients with pulmonary involvement in the first tho-
racic CT evaluation in the race with the increasing
workload in radiology departments. The ED-SS
system has been developed as an alternative to these.
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