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Introductıon
The diagnosis of Coronavirus disease-2019 (COVID-19) 

pneumonia, which is a viral infection, is made by the 
positivity of the real-time reverse transcriptase-polymerase 
chain reaction (RT-PCR) test. Since pneumonia findings 
on computed tomography (CT) can sometimes appear 
before RT-PCR positivity in the literature, radiology has 
become important in the diagnosis (1,2), and initiatives 
have been undertaken to establish a common reporting 
language to make CT findings easier to understand by 
the clinicians (3-5). All of these CT findings, which can 
be classified as ground-glass opacities, cobblestones, and 

consolidation were written descriptions of CT images of 
COVID pneumonia (6,7). 

While at the beginning of the pandemic CT reporting 
of COVID-19 pneumonia findings was in the form 
of describing findings, over time, requests began to 
be made to determine the amount of parenchymal 
involvement to have an idea about the severity of the 
disease. In line with similar studies published during the 
pandemic, we thought that in the evaluation of patients 
with COVID-19 pneumonia, the pattern and amount of 
involvement in the lung parenchyma became important 
CT findings. Especially, if a relationship could be shown 
between these CT findings and laboratory findings, the 
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clinician could then predict the severity of pneumonia to 
be encountered in CT, even if CT examination was not 
performed at certain laboratory values. Therefore, in our 
study, we developed a new scoring system based on the 
amount of CT involvement as well as the involvement 
pattern (affecting the weight of parameters) and aimed 
to investigate the relationship between this scoring system 
and inflammatory markers used by the Ministry of Health 
as poor prognostic factors. Thus, we planned to show how 
accurately the poor prognostic factors in the laboratory 
values of the patient at the time of CT can be identified 
with this CT scoring system and to provide the clinician 
with an idea about the severity of pneumonia with these 
laboratory findings at the time of seeing the patient.

Methods

Study Design

This single-center, a retrospective cross-sectional study 
was conducted with patients who were diagnosed with 
COVID-19 pneumonia in a training and research hospital 
between March and June 2020 after receiving approval 
from a local ethical committee. 

Study Population 

Before starting the study, approval was obtained 
from the Ethics Committee of Kecioren Training and 
Research Hospital (10.6.2020/2116). Among the patients 
diagnosed with COVID-19 with positive RT-PCR test 
performed on throat swabs between March 17 and May 
1, 2020, in our hospital, 89 (male/female: 44/45) patients 
with typical findings of COVID-19 pneumonia according to 
the American College of Radiology (ACR) guidelines but 
did not have any other signs of disease affecting the lung 
(such as AC malignancy, lobectomy, or tuberculosis) were 
included in the study. The study was retrospective, so an 
informed consent form was not applicable. 

Neutrophil count, lymphocyte count, serum C-reactive 
protein value, and D-dimer value were recorded from the 
examination performed within 24 hours of the CT scan 
dates of the patients by an infectious diseases expert 
who was blinded to the CT findings. Patients were 
divided into two groups as those with severe infection 
and those without, according to whether they exhibited 
poor prognostic criteria specified in the Ministry of Health 
guideline (Blood lymphocyte count <800/µL or C-reactive 
protein >10x the upper limit of normal value or D-dimer 
>1000 ng/mL) (8). The CT findings and scores described 
below were compared between these two groups of 
patients.

Computed Tomography 

All CT examinations were performed by a multi-slice 
CT device with 16 detectors (Siemens Somatom Emotion 

16, Siemens) using automatic dose modulation technique 
and the same acquisition protocol. Intravenous contrast 
material was not used in the examination. While in the 
supine position, the patient was instructed to hold his 
breath at the end of inspiration, and the examination 
area was adjusted from the lung apex to the end of the 
costophrenic angle. CT settings were as follows: 120 kVp, 
1.35:1 pitch, reconstruction matrix 512x512, high-spatial-
resolution algorithm, and 1 mm section thickness. Images 
were analyzed in three planes using the multiformat 
imaging technique.

Computed Tomography Evaluation 

All CT images were retrospectively evaluated in the 
lung window (WW: 1500 HU, WL: -500 HU) by two expert 
radiologists (OG; CO) with 13 and 12 years of experience 
in thoracic radiology. Lung parenchymal involvement 
findings were named according to the definitions in the 
ACR guideline (4). The severity of pulmonary parenchymal 
findings was scored using two separate scoring systems 
previously described in the literature (9,10), as well as a 
third separate scoring system, namely the “modified CT 
severity scoring” defined below. There was a two-week 
gap between the evaluations made with these three 
separate scoring systems. These scoring systems were as 
follows:

1. CT score: Developed by Pan et al. (9), this scoring 
was made according to the percentage of involvement in 
each lobe. The scores obtained for each lobe (0=absent, 
1=1-5% involvement rate, 2=6-25% involvement rate, 
3=26-50% involvement rate, 4=51-75% involvement rate, 
5=>75% involvement rate) were summed up to obtain 
the “total lung involvement score”. In this system, the 
minimum and the maximum score for each case were 0 
and 25, respectively [5 (lobe) x5 (involvement rate)].

2. CT severity score: This scoring system was developed 
by Huang et al. (10). In this system, a score was obtained 
for each lobe (0=absent, 1=1-5% involvement rate, 2=6-
25% involvement rate, 3=26-50% involvement rate, 
4=51-75% involvement rate, 5=>75% involvement rate) 
and then “1” was added to this score if cobblestone 
appearance was present or “2” was added to this score 
if consolidation was present in one lobe. The “total lung 
involvement score” was found by summing the scores 
of all lobes. In this system, the minimum and maximum 
scores for each case were determined as 0 and 35 [5 
(lobe) x5 (involvement ratio) + weight coefficient].

3. Modified CT severity score: 18 lung segments 
in total in two lungs were divided into 20 regions. The 
left lung apicoposterior segment was divided into apical 
and posterior regions, and the left lung anteromedial 
basal segment was divided into anterior and mediobasal 
segments. The involvement rates were initially examined 
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for the findings in each region (0=absent, 1=1-49% 
involvement rate, 2=50-100% involvement rate). 
Parenchymal findings in each region were divided into 
five according to ground-glass opacities, a cobblestone 
appearance, mixed type with predominantly ground-glass 
opacities, mixed type with predominantly consolidation, and 
pure consolidation. Among these parenchymal findings, 
involvement coefficients were formed by separating the 
“involvement feature” into further groups (ground-glass 
opacities “0.2”; cobblestone appearance “0.4”; mixed 
type with predominantly ground glass opacities “0.6”, 
mixed type with predominantly consolidation “0.8” and 
pure consolidation “1”). The involvement score of each 
region was obtained by multiplying the involvement 
coefficient and ratio for each region. The sum of the 
involvement scores of the 20 regions gave the “total lung 
involvement score”. In this system, the minimum and the 
maximum score for each case was determined as 0 and 
40 [20 regions x2 (involvement ratio) x1 (involvement 
feature)].  

Statistical Analysis

All data were analyzed by IBM SPSS Statistics for Mac, 
version 25.0 for Mac OS X (IBM Corp., Armonk, N.Y., USA). 
The categorical values of the patients were expressed as a 
number and a percentage and were analyzed with a chi-
square test. Whether the numerical variables were normally 
distributed or not was evaluated with the Shapiro-Wilk 
test, histogram, and Q-Q plots. While normally distributed 
numeric variables were presented as a mean and standard 
deviation, non-parametric variables were presented as 
median values and an interquartile range (IQR) of 25%-
75%. The non-parametric values were analyzed using 
the Mann-Whitney U, and the parametric ones with a 
Student’s t-test. To assess the prognostic utility of CT 
scores at varying cut-off values for the distinction between 
the severe and non-severe infection groups, a receiver-
operating characteristic (ROC) curve was generated, and 
the area under the curve (AUC) was calculated (Figure 1). 
The best of cut-off values was decided by using Youden’s 
index. The 95% confidence intervals (95% CIs) were 
calculated whenever appropriate, and a two-tailed p<0.05 
was considered statistically significant.

Results
The mean age of patients was 49±14.2 and 44 

(49.2%) of them were male. Thirty (33.7%) patients were 
categorized in the severe infection group and fifty-nine 
(66.3%) of them were categorized with the non-severe 
infection group according to laboratory examination. In 
comparing CT findings and CT scores of both groups, 
it was found that all CT score points were higher in the 
severe infection group than the non-severe infection 

group (p<0.05). All CT scores and laboratory results were 
presented in Table 1. 

To assess the prognostic utility of all CT scores at varying 
cut-off values for the distinction between the severe and 
non-severe infection groups, a ROC curve was generated, 
and the AUC was calculated. Accordingly, the AUC values of 
CT score, CT severity score and modified CT severity score 
0.711 (95% CI: 0.592 to 0.830), 0.684 (95% CI: 0.564 to 
0.804) and 0.722 (95% CI: 0.615 to 0.829), respectively. 
The best cut-off value of all CT scores for distinguishing 
between the severe and non-severe infection groups 
and the sensitivity/specificity values for this cut-off level 
were presented in Table 2. Also, for modified CT score, 

Figure 1. ROC analysis data
ROC: Receiver-operating characteristic

Table 1. CT scores and laboratory findings on the admission of 
all patients with confirmed COVID-19 pneumonia according to 
severe and non-severe groups

Final CT 
scores 

Non-Severe
n=59

Severe
n=30

p

CT score 7 (3 to 9) 9 (6.75 to 12) 0.001

CT severity 
score

11 (5 to 14) 15 (10 to 18.75) 0.005

Modified 
CT severity 
score

3 (1.4 to 5.4) 5.5 (3.3 to 8.7) 0.001

Laboratory findings on admission median (IQR 25-75%)

Neutrophil 3470 (2810 to 4160) 4150 (3345 to 5165) 0.013

Lymphocyte 1720 (1320 to 2220) 1090 (740 to 1705) <0.001

D-dimer 370 (280 to 540) 680 (330 to 1580) 0.003

C-reactive 
protein

8.3 (3.9 to 19) 35.6 (7.25 to 65.7) <0.001

COVID-19: Coronavirus disease-2019, CT: Computed tomography, IQR: 
Interquartile range



Gungor et al. CT Severity Score in COVID-19 Pneumonia

4

diagnostic performance values and Youden’s index scores 
for different cut-off points were presented in Table 3. 
According to this, 3.4 points were considered as a cut-off, 
sensitivity/specificity values of modified CT severity score 
for the diagnosis of severe COVID-19 pneumonia were as 
follows; 76.7 (95% CI: 57.72 to 90.07) and 61 (95% CI: 
47.44 to 73.45), respectively. 

Discussion
Even though it feels like COVID-19 has been in our 

personal lives for a lifetime, COVID-19 is an infection that 
we have been faced with for a short time scientifically 
and therefore a lot about it is still unknown. Although 
certain progress has been made in terms of diagnosis, 
patient management and treatment strategies vary. Since 
it is a pandemic, the fact that many people are infected 
at the same time has made patient management more 
important. In Turkey, treatment and patient management 
are standardized according to the guidelines set by the 
Ministry of Health (8). In the present study, we found that 
in cases where at least one of the poor prognostic markers 
specified in this guideline was high (high C-reactive protein, 
high D-dimer, and lymphopenia), the “modified CT severity 
score” was also high (p<0.01).

Different laboratory data were used in studies trying 
to predict clinical severity in COVID-19 patients. As in our 
study, “CT score,” which is the first scoring system we 
used in this article, was used in the study conducted by Li 
et al. (11) with 90 patients, comparing patients based on 
infection markers. In this study, CT and C-reactive protein 
value were higher and lymphocyte count was lower in 

patients with a severe condition (meeting at least one of 
the following conditions: respiratory rate 30 times/min, O

2 

saturation ≤93%, (PaO
2
)/(FiO

2
) ≤300, need for mechanical 

intubation, shock, and organ failure) (p<0.001). Francone 
et al. (12) used the same scoring system and found a 
statistically significant positive correlation between the CT 
score and C-reactive protein (r=0.6204, p<0.0001) and 
D-dimer (r=0.6625, p<0.0001). In the present study, in all 
three scoring systems used in parallel with these findings, 
we found that the scores were higher in terms of infection 
parameters in the presence of poor prognosis, and the 
most significant results were obtained with the “modified 
CT score” system (p<0.001).

It was understood that lung involvement was the basis 
of the events affecting the poor prognosis of the patients 
during the pandemic. During the SARS epidemic, Chang 
et al. (13) showed that beyond the presence of lung 
involvement, the amount of involvement in viral infections 
was also important in patient management (13). Based 
on this scoring system, Pan et al. (9) created the “CT 
score” that takes into account the involvement rates in 
the lungs (0-5-25-50-75-100%) of patients with COVID-19 
pneumonia. In this study involving 21 cases, patients 
were divided into 4 stages according to the time between 
symptom onset and CT scan, and CT score was found 
to be higher in those with a longer-term disease history 
[stage 1 (0-4 days) CT score 2±2, stage 2 (5-8 days) CT 
score 6±4, stage 3 (9-13 days) CT score 7±4, stage 4 (>14 
days) CT score 6±4]. In the same study, the most common 
finding was ground-glass opacity for stages 1 and 2, and 
consolidation for stages 3 and 4. In the present study, we 

Table 3. The sensitivity and specificity values for different cut-off points of modified CT severity score

Modified CT 
score

Sensitivity (%) Specificity (%) NLR PLR Accuracy
Youden’s 
index

2
3
3.4
5
6

90 (73 to 97)
80 (61 to 92)
76 (57 to 90)
53 (34 to 71)
50 (31 to 68)

35 (23 to 49)
47 (34 to 60)
61 (47 to 73)
72 (59 to 83)
81 (69 to 90)

0.28 (0.09 to 0.86)
0.42 (0.2 to 0.9)
0.38 (0.19 to 0.75)
0.64 (0.42 to 0.97)
0.61 (0.42 to 0.89)

1.4 (1.1 to 1.75)
1.5 (1.1 to 2.05)
1.9 (1.35 to 2.8)
1.9 (1.1 to 3.3)
2.6 (1.4 to 5.09)

53 (43 to 64)
58 (47 to 68)
66 (55 to 75)
66 (55 to 75)
70 (60 to 79)

0.255
0.274
0.376
0.262
0.313

PLR: Positive likelihood ratio, NLR: Negative likelihood ratio, CT: Computed tomography

Table 2. The prognostic values of all CT scores to the prediction of severe infection in patients with diagnosed COVID-19 pneumonia

Variables CT score CT severity score Modified CT severity score

AUC (95% CI) 0.711 (0.592 to 0.830) 0.684 (0.564 to 0.804) 0.722 (0.615 to 0.829)

Best cut-off value* 9 13 3.4

Sensitivity (95% CI) 63.33 (43.86 to 80.07) 66.67 (47.19 to 82.71) 76.7 (57.72 to 90.07)

Specificity (95% CI) 74.58 (61.56 to 85.02) 66.1 (52.61 to 77.92) 61 (47.44 to 73.45)

PLR (95% CI) 2.49 (1.49 to 4.17) 1.97 (1.27 to 3.05) 1.97 (1.35 to 2.87)

NLR (95% CI) 0.49 (0.3 to 0.8) 0.5 (0.29 to 0.86) 0.38 (0.19 to 0.75)

Accuracy (95% CI) 70.79 (60.19 to 79.95) 66.29 (55.49 to 75.97) 66.29 (55.49 to 75.97) 

*The best of cut-off values was decided by using Youden’s index. AUC: Area under curve, PLR: Positive likelihood ratio NLR: Negative likelihood ratio, COVID-19: Coronavirus 
disease-2019, CT: Computed tomography, IQR: Interquartile range, CI: Confidence intervals
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found that all scoring systems, including the CT score, 
were successful in detecting severe infection (p<0.001).

We stated that we named the systems in the literature 
in which the involvement pattern is also included in the 
scoring as “CT severity score”. Using the “CT severity 
score”, Yuan et al. (14) conducted a study with 27 
patients (a coefficient of 2 for ground glass and 3 for 
consolidation was used) and found that the median CT 
score of the cases that resulted in mortality was higher 
than the surviving group [(30 (IQR) 7-13) vs 12 (IQR 11-43), 
p=0.021]. This study, unlike many other studies, divided 
the lungs into only three zones. In the present study, we 
divided and evaluated the lung in 20 regions, ensuring 
that the evaluation included as complete information on 
the lung as possible, and included 5 different involvement 
categories into the evaluation, enabling the severity of 
infection to be included in the scoring according to the 
histopathological response in the patient.

The basis of this was that the findings we saw on CT 
showed different processes histopathologically. Ground 
glass appearance is defined as images caused by pulmonary 
edema and hyaline membrane formation, cobblestone 
appearance is defined as images caused by alveolar 
edema and interstitial inflammation, and consolidation is 
defined as images caused by cellular fibromyxoid exudate 
accumulation in the alveoli (1,15). We have created a 
formula in which the area of involvement in each lung 
area is more effective, but the pattern of this involvement 
is also considered. While the mean score was 3 (1.4-5.4) 
in our non-severe patient group, the mean score was 5.5 
(3.3-8.7) in the severe group, and the difference between 
the groups was significant (p<0.001). We think that the 
reason for the relatively low scores in our patient groups 
is that the patients presented at an early stage and time 
of their complaints. Since we aim to show the relationship 
between infection markers at the time of diagnosis and a 
recent CT score, the low maximum score indicates that the 
participants were in the early period of the disease.

We determined that this scoring system, in which 
histopathological information has been added to the CT 
information with the created “modified CT severity score”, 
was better correlated with the elevation in at least one 
of the infection markers, which were defined as poor 
prognosis indicators in the literature, compared with 
the other scoring systems described previously (Table 2). 
Accordingly, considering the cut-off point obtained with 
the modified CT score, this cut-off value can be used as 
a support parameter to indicate poor prognosis of the 
disease, or if the specified limits are exceeded ven in one 
of the parameters such as lymphocyte, C-reactive protein, 
and D-dimer that can be checked in many countries around 
the world, time of the CT scan can be changed with the 

prediction that the patient’s pneumonia may be acute or 
this information can support disease management in cases 
where CT cannot be performed.

Study Limitations

There are certain limitations of this study. Clinical 
outcome was not evaluated in our study. It is known that 
clinical outcome is the result of multiple factors such as age, 
comorbidity, time of treatment initiation, and the applied 
treatment protocol (14,16-20). The objective of this study 
was to evaluate the correlation of CT findings at the time 
of diagnosis with the laboratory values obtained at the 
same time and to support the clinician’s management of 
newly diagnosed patients for COVID-19 pneumonia based 
on our inferences. Another limitation is that the number 
of patients in our study was 89, but statistical significance 
could be detected for scoring. There is a need for further 
studies involving larger patient groups to validate our 
findings obtained with the modified CT score. Another 
limitation may be the lack of artificial intelligence used to 
evaluate CT in this study. However, we tried to establish a 
scoring system that can be used all over the world during 
a pandemic, and we thought that it would best that this 
scoring system did not rely on high-priced technology. 

Conclusion
If there is at least one of the poor prognosis findings 

(high C-reactive protein, high D-dimer, and lymphopenia) in 
the infection markers of cases with COVID-19 pneumonia, 
pneumonia will accompany on CT with a modified CT 
score above 3.4 (sensitivity 76%, specificity 61%). For 
this reason, these markers exceeding the specified limits 
should make the clinician think that pneumonic infiltration 
becomes prominent on CT (hence the modified CT 
severity score increases). We believe that this cut-off point 
can be used in addition to laboratory data as a criterion 
for hospitalization, or patient treatment can be guided 
based on laboratory findings in cases where CT cannot be 
performed.
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