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the samples are taken from the nasopharynx and oropharynx. Lower 
the CT value. The PCR test is very specific but has a lower sensitivity 
of 65–95%, which means that the test can be negative even when 
the patient is infected.3 Patient has to wait for the test results for up 
to 24 hours while CT results are available right away.

Imaging plays an important role in the diagnosis of highly 
suspected cases. CT has a higher sensitivity but lower specificity 
and can play a role in the diagnosis and treatment of the disease. 
Many cases with CT changes of COVID-19 are RT-PCR negative, but 
treatment needs to be started as per protocol based on CT findings.

Common CT findings are ground-glass opacities with a posterior 
predominance, commonly located in the inferior lobe of the right 
lung, crazy paving, vascular dilatation, traction bronchiectasis 
subdural bands, and architectural distortion.4–8

In t r o d u c t i o n

Since December 2019, a series of cases of unknown pneumonia with 
similar clinical manifestations suggesting viral pneumonia appeared in 
Wuhan, China. A new type of coronavirus was isolated from the lower 
respiratory tract named coronavirus-2, (SARS-CoV-2).1 The disease 
soon surpassed China and involved almost the entire world.2 On 
30th January 2020, the World Health Organization (WHO) declared 
the transmission of coronavirus the sixth public health emergency 
of international concern. On 22nd February 2020, the WHO called the 
disease caused by coronavirus COVID-19 and on 11th March 2020, the 
WHO formally announced that COVID-19 is a pandemic.

The incubation period of COVID-19 is 3–7 days (<14 days), and 
its mortality rate is around 2.3%. Most of the patients have mild 
symptoms and have a good prognosis, but a minority have severe 
pneumonia, acute respiratory distress syndrome (ARDS), multiple 
organ failure, and die because of coronavirus. Mortality in critically 
ill patients is high, and the risk of disease increases in the elderly 
population and patients with comorbidities such as cardiovascular 
disease, hypertension, diabetes, lung diseases, and cancer.

The disease varies from mild to moderate to critical. The mild 
disease causes either no symptoms or mild coughing and fever with 
loss of smell and taste, whereas moderate disease causes dyspnea, 
hypoxemia, and changes in imaging with low oxygen on a pulse 
oximeter. The critical disease leads to respiratory failure, shock, and 
multiorgan failure.

To diagnose COVID-19, RT-PCR COVID-19 test and HRCT chest 
are available. In RT-PCR, a predetermined number of cycles of 
amplification of target (e.g., SARS-Cov-2) nucleic acid occur. If a target 
is present in the specimen, then each round of amplification results in 
a doubling of the amount of target present in the sample. The cycle 
threshold value (Ct value) is used to know the viral load in the sample; 
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Ab s t r ac t
Objective: Chest CT has higher sensitivity in comparison to reverse transcription-polymerase chain reaction (RT-PCR) for COVID-19 diagnosis. 
We aim to identify the association of CT severity scores (CTSS) with lab markers and the need for oxygen.
Methods: Cross-sectional observational study of 104 COVID-19 RT-PCR positive hospitalized patients. Patients underwent pulmonary CT, and 
their CTSS was calculated. SpO2, D-dimer and C-reactive protein (CRP) were also measured. The data was then collected and analyzed.
Results: CT Severity Score (CTSS) was higher in patients above 50 years of age and males, though statistically insignificant. CTSS was positively 
correlated with D-dimer (p = 0.048) and oxygen requirement (0.000). However, HbA1C was lower in patients with higher CTSS.
Conclusion: High CTSS correlates well with oxygen requirement, low SpO2, and high D-dimer but not with CRP and HbA1C. Our data suggest 
that CTSS can help predict disease outcomes by assessing disease severity.
Keywords: COVID-19, CT severity score, Hypoxia, SpO2, SARS-CoV-2.
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The pulmonary CT scan was performed for all patients, and 
slice thickness of 0.625–5 mm was taken by Siemens Go Now 
16 slice in supine position with deep inspiration. The CT images 
were reconstructed, and two experienced radiologists examined 
the scan and calculated the severity score. To calculate the CTSS 
according to the anatomical structure of the lungs, five lobes were 
given a score according to the percentage involvement of the lobes, 
minimum being 0/25 and maximum being 25/25.

The samples were sent for D-dimer and CRP to the central labs 
for measurements. The capillary blood oxygen saturation was also 
collected from pulse oximetry by using the same brand’s pulse 
oximeter for all patients.

Study Design
This study was planned and executed by the researchers of Mahatma 
Gandhi Medical College and Hospital located in the city of Jaipur in 
India. Of all COVID-19 RT-PCR positive patients admitted to the hospital 
during this pandemic between September 2020 and December 2020, 
around 104 patients were randomly selected for the study.

Statistics
The data was captured on Google Forms, and a Google sheet was 
prepared for it. The data was then processed in Microsoft Excel. 
Finally, the data was interpreted and analyzed by a statistician.

The processing of the data was done in Microsoft Excel. The 
analysis started with a calculation of descriptive statistics of the 
data such as the number of patients with comorbidities, number 
of patients showing various symptoms of COVID-19, number of 
patients with their lab reports, markers such as D-dimer and CRP 
and the severity score of patients’ HRCT chest. One hundred four 
patients were included in the study.

Re s u lts

Of the 104 patients included in this study, 75 (72.11%) were males, 
and 29 (27.88%) were females. Twenty-five patients were <50 years of 
age (24.03%), and 79 patients were >50 years of age (75.96%). A total 
of 31 patients had a CTSS <8, 53 patients had a CTSS between 8 and 
14, whereas only 20 patients had a CTSS above 14. The difference 
in CTSS according to age was not statistically significant (Table 1).

A total of 26 patients required inhalational oxygen out of 
104 patients anytime during their stay in the hospital. Only three 
patients with CTSS <8 required oxygen, whereas 14 patients with 
CTSS >14 required oxygen, with this difference being statistically 
significant (p-value: 0.000).

Among patients with oxygen saturation between 90 and 94%, 
there were 13 patients with CTSS <8 and 19 patients with CTSS 
>14. Among patients with SpO2 >94%, 18 patients had CTSS <8, 
while only one patient had CTSS >14, with this difference being 
statistically significant (p-value: 0.000) (Table 2).

We evaluated CTSS and its association with lab markers, 
mainly D-dimer and CRP. The mean D-dimer in patients with CTSS 
<8 was 349.22 ± 1005.12. In patients with CTSS between 8 and 
14, it was 475.03 ± 1111.02, whereas, in patients with CTSS >14, it 
was 1089.25 ± 1131.44, which was statistically significant (p-value: 
0.048). So higher the CTSS higher was the D-dimer.

While looking for the association between CTSS and CRP, we 
observed CRP 35.18 ± 58.07 in patients with CTSS <8, 47.38 ± 61.67 in 
patients with CTSS between 8 and 14, and 74.69 ± 60.07 in those 
with CTSS >14. Though CRP was high in patients with CTSS >14, it 
was statistically insignificant (0.076) (Table 3).

CT involvement score has also been developed to assess the 
severity of lung involvement. CT severity score can be calculated 
by scoring according to the percentage of each of the five lobes’ 
involvement.9–12 A score of 1 represents <5% involvement, a score of 
two represents 5–10% involvement, a score of 3 represents 26–49% 
involvement, a score of 4 represents 50–75% involvement, and a 
score of five represents  >75% involvement of the lobe. The total CT 
score is the sum of the individual lobar scores and can range from 
0 (no involvement) to 25 (maximum involvement).

Advanced stage disease is associated with significantly increased 
ground glass opacities plus a reticular pattern (crazy paving), 
vacuolar sign, fibrotic streaks, air bronchogram, bronchus distortion, 
subpleural line or a subpleural transparent line, pleural effusion.13,14

D-dimer is the degradation product of cross-linked fibrin. It reflects 
the ongoing activation of the hemostatic system. Healthy individuals 
have minimal D-dimer levels. Levels also depend on the procedure 
used, so the cut-offs are different for different labs. Malignancy, 
trauma, postsurgical treatment, liver diseases, heart diseases, lipemia, 
high triglyceride, high bilirubin, presence of RA factor and hemolysis 
falsely increase D-dimer. It increases in most of the COVID-19 patients 
and signifies micro thrombosis and fibrin degradation.

C-reactive protein is an acute-phase reactant produced by the 
liver, and its level increases when a condition causes inflammation 
in the body and follows IL-6 secretion by macrophages and T cells. 
It assists in complement binding to foreign and damaged cells and 
enhances phagocytosis by macrophages. It’s important for innate 
immunity as an early defense system against infections. It is one of 
the most important markers which increases early and is important 
for deciding prognosis.

Pulse oximetry is a noninvasive test that measures oxygen 
saturation in the capillary blood and is within 2% accuracy. It 
measures the changing absorbance at each of the wavelengths 
allowing it to determine the absorbances due to the pulsating 
arterial blood alone, excluding venous blood. Oxygen saturation 
may decrease, and supplemental oxygen may be required in 
COVID-19 patients with extensive lungs involvement, which can 
be seen in the chest CT.

The aim of this retrospective study was to determine the 
correlation between a chest CT based semiquantitative score of 
pulmonary involvement and the need for oxygen based on SpO2. 
We also aim to identify the association of CTSS with lab markers 
like D-dimer, CRP, and comorbidities.

Mat e r ia  l s a n d Me t h o d s

This is a cross-sectional study. The approval from the institutional 
ethics committee was taken before starting the study. Patients who 
were above 18 years of age, tested positive for COVID by RT-PCR, 
were able to give written informed consent, whose samples were 
sent for lab markers including CRP and D-dimer, who underwent 
CT Chest, and whose measurements of capillary oxygen saturation 
using finger pulse oximetry were available, were included in the 
study. Patients whose data was incomplete, for whom investigations 
had not been done or who refused to give informed consent were 
excluded from the study.

COVID-19 RT-PCR was tested by RNA amplification using the 
ABI 7500 Fast Dx RT-PCR machine. The Ct value was also measured. 
At presentation, a detailed history of the patient was taken, and 
baseline investigations, inflammatory markers and a chest HRCT 
were done. Later on, the treatment of the patients was started 
according to the prevailing national guidelines.

Chest CTSS Relation with D-dimer CRP and Comorbidities in Patients with COVID-19 Infection



Chest CTSS Relation with D-dimer CRP and Comorbidities in Patients with COVID-19 Infection

Journal of Mahatma Gandhi University of Medical Sciences and Technology, Volume 7 Issue 2 (May–August 2022) 41

multisystem involvement, which is common in elderly patients, 
patients with comorbidities and patients who already have a 
progressed disease at the time of admission. Stratifying patients 
for treatment according to severity becomes important in resource 
limited situations, especially during the COVID-19 pandemic. It also 
helps in predicting the prognosis of COVID-19 patients.

The objective of this study was to identify the factors associated 
with severe disease and poor prognosis so that the patients can be 
treated according to the severity of the disease. This also helps in 
predicting outcomes based on expected prognosis.

Our study involved 104 randomly selected patients admitted 
to the hospital. There were 79 patients >50 years of age, and 
16 patients had a CTSS of >14. Though a greater number of patients 
above 50 years of age had a CTSS of >14, this difference was not 
statistically significant (p-value: 0.582). Similarly, there was no 
statistically significant difference in CTSS for males and females, 
indicating that gender is not an independent risk factor for 
disease severity.15 Zhichao F et al. found that older age increased 
neutrophil-lymphocyte ratio, and increased CTSS on admission 
were independent risk factors for clinical progression in moderate 

While evaluating the association between the glycemic status of 
patients and CTSS, we observed random blood sugar 167.78 ± 76.71  
in patients with CTSS <8, 171.79 ± 85.15 in patients with CTSS 
between 8 and 14 groups, and 175.6 ± 85.59 in those with CTSS >14. 
It is evident from Table 4 that random blood sugar was higher in 
those with CTSS >14 in comparison to those with CTSS <8, but this 
difference was statistically insignificant (p-value: 0.946). Whereas 
HbA1C of 6.31 ± 1.32 was observed in patients with CTSS <8, it was 
6.94 ± 1.309 in patients with CTSS between 8 and 14 group and 
was 6.21 ± 1.32 in those with CTSS >14. An inverse relationship was 
therefore found between CTSS and HbA1C in our study, and this 
relationship was statistically significant (p-value: 0.037) (Table 4).

In our study, we did not find a statistically significant association 
between any of the comorbidities with CTSS (Table 5).

Di s c u s s i o n

Most of the COVID-19 patients develop only mild grade fever, 
cough, body ache, loss of taste, and smell, and do not require 
hospitalization, but a few patients develop severe symptoms and 

Table 1:  CTSS according to age and gender (Chi-square test)

CTSS <8
N = 31

CTSS 8–14
N = 53

CTSS >14
N = 20 Chi-square (df) p-value

Age <50 years 10 11 4 1.082 0.582
>50 years 21 42 16

Gender Male 20 39 16 1.5652 0.457

Female 11 14 4

CTSS; Chest tomography severity score

Table 2:  Oxygen requirement and SpO2 according to CTSS (Chi square test)

CTSS <8
N = 31

CTSS 8–14
N = 53

CTSS >14
N = 20 Chi-square (df) p-value

Oxygen requirement Yes 3 9 14
27.2992 0.000No 28 44 6

SpO2 90–94% 13 33 19 14.6082 0.000

 >94% 18 20 1

CTSS; Chest tomography severity score, SpO2; oxygen saturation

Table 3:  D-dimer and CRP relationship with CTSS (ANOVA)

CTSS <8
N = 31

CTSS 8–14
N = 53

CTSS >14
N = 20 p-value

D-dimer Mean 349.22 475.03 1089.25 0.048
SD 1005.12 1111.02 1131.44

CRP Mean 35.18 47.38 74.69 0.076

SD 58.07 61.67 60.07

CTSS; Chest tomography severity score, CRP; C reactive protein

Table 4:  Random blood sugar and HbA1C relation with CTSS (ANOVA)

CTSS less <8
N = 31

CTSS 8–14
N = 53

CTSS >14
N = 20 p-value

Random blood sugar Mean 167.78 171.79 175.6 0.946
SD 76.71 85.15 85.59

HbA1C Mean 6.31 6.94 6.21 0.037

SD 1.32 1.309 1.32

CTSS; Chest tomography severity score
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Some of our findings were in line with previous studies, whereas 
some of them were not. These results may help in the clinical 
management of COVID-19 patients by determining severity 
and prognosis with the help of CTSS, especially in settings with 
limited critical care resources.

Ac k n ow l e d g m e n t

The researchers would like to thank Dr Rajat Vohra, Professor, 
Department of Preventive and Social Medicine and Ayushi Sarna, 
statistics and economic consultant, for undertaking the statistical 
analysis.

Re f e r e n c e s
1.	 WHO, Geneva, Switzerland: https://www.who.int/docs/default 

source/coronaviruse/situation–reports/20200121–sitrep–1–2019–
ncov.pdf?sfvrsn=20a99c10 4. [Accessed 21 January 2020] Novel 
coronavirus (2019–nCoV) situation report — 1; 2020.

2.	 WHO, Geneva, Switzerland: https://www.who.int/docs/default-
source/coronaviruse/situation-reports/20200609-covid-19-
sitrep-141. pdf?sfvrsn=72fa1b16 2. [Accessed 9 June 2020] Coronavirus 
disease 2019 (COVID-19) Situation report — 141; 2020.

3.	 Fang Y, Zhang H, Xie J, et al. Sensitivity of chest CT for COVID-19: 
comparison to RT-PCR. Radiology 2020;296(2):E115–E117.  
DOI: 10.1148/radiol.2020200432

4.	 Yang W, Cao Q, Qin L, et  al. Clinical characteristics and imaging 
manifestations of the 2019el coronavirus disease (COVID-19): 
a multi - centre study in Wenzhou cit y,  Zhejiang, China. 
J Infect 2020;80(4):388–393. DOI: 10.1016/j.jinf.2020.02.016

5.	 Cheng Z, Lu Y, Cao Q, et  al. Clinical features and chest CT 
manifestations of coronavirus disease 2019 (COVID-19) in a single-
centre study in Shanghai, China. AJR Am J Roentgenol 2020;215(1):1–6.  
DOI: 10.2214/AJR.20.22959

6.	 Salehi S, Abedi A, Balakrishnan S, et  al. Coronavirus disease 
2019 (COVID-19): a systematic review of imaging findings in 
919 patients. AJR Am J Roentgenol 2020;215(1):87–93. DOI: 10.2214/ 
AJR.20.23034

7.	 Ye Z, Zhang Y, Wang Y, et  al. Chest CT manifestations of new 
coronavirus disease 2019 (COVID-19): a pictorial review. Eur Radiol 
2020;30(8):4381–4389. DOI: 10.1007/s00330-020-06801-0

8.	 Ali TF, Tawab MA, ElHariri MA. CT chest of COVID-19 patients: what 
should a radiologist know?. Egypt J Radiol Nucl Med 2020;51(1):1–6. 
DOI: 10.1186/s43055-020-00245-8

9.	 Ran Y, Xiang Li, Huan L, et  al. Chest CT severity score: an 
imaging tool for assessing severe COVID-19. Radiol Cardiothoracic 
Imaging 2020;2(2):e200047. DOI: 10.1148/ryct.2020200047

10.	 Saeed GA, Gaba W, Shah A, et  al. Correlation between chest 
CT severity scores and the clinical parameters of adult patients 
with COVID-19 pneumonia. Radiol Res Pract 2021;2021:6697677.  
DOI: 10.1155/2021/6697677

11.	 Zhao W, Zhong Z, Xie X, et al. Relation between chest CT findings 
and clinical conditions of coronavirus disease (COVID-19) pneumonia: 
a multicentre study. AJR Am J Roentgenol 2020;214(5):1072–1077.  
DOI: 10.2214/AJR.20.22976

COVID-19 patients. They also concluded that chest CT has the 
potential to predict the risk of progression and disease severity early.

Our data showed that patients with a CTSS of >14 had 
supplemental oxygen requirements, and this difference was 
statistically significant (p-value 0.000). We also found a significant 
inverse relationship between CTSS and oxygen saturation (SpO2) 
(p-value 0.000). Aalinezhad M et  al. found a significant inverse 
relationship between CTSS and capillary oxygen saturation. 
They also found an important role of previous comorbidities in 
determining CTSS.16 Xie et  al. showed an association between 
hypoxemia and mortality in patients with COVID-19. Therefore, 
our patients with CTSS >14 had hypoxemia, required supplemental 
oxygen, and were at a higher risk of morbidity and mortality.17

Inflammatory markers such as D-dimer and C reactive protein 
were higher in patients with higher CTSS. The D-dimer in this group 
was significantly higher in comparison to the group with low CTSS 
(p-value 0.048). Though the CRP was higher in the high CTSS group 
it was not statistically significant (p-value: 0.076).18

COVID-19 patients may have higher blood sugar levels because 
of various reasons, like pre-existing borderline diabetes, drugs or 
stress, the action of the virus on ACE 2 receptors on various organs 
or worsening of pre-existing diabetes.19 In our study, patients 
with higher CTSS, had higher random blood sugar levels, but the 
difference was not statistically significant (p-value: 0.946). However, 
our data showed an inverse relationship between HbA1C and high 
CTSS, contrary to the studies which showed higher CTSS in diabetic 
patients. This may be because of the smaller sample size of our 
study. (p-value: 0.037)

We also analyzed the relationship of CTSS with preexisting 
comorbidities like hypertension, chronic kidney disease, coronary 
artery disease, and hypothyroidism, and we did not find any 
statistically significant correlation. This also needs to be seen in 
the light of the smaller number of patients with comorbidities in 
our study.

Our study was conducted at a single tertiary center, and 
no doctors or patients were blinded. A large multicenter study 
with a higher number of subjects may be helpful in concluding 
the role of age, gender, viral load, comorbidities, CTSS, and 
different biomarkers in determining the severity & outcome of 
COVID-19 disease.

Co n c lu s i o n

Our study showed that there was no significant gender difference 
in patients with or without higher CTSS. Patients with higher 
CTSS required oxygen and had hypoxia with lower SpO2 and 
had an inverse relationship with it. Higher CTSS were also 
associated with higher inflammatory markers and D-dimer, 
which signifies thrombosis in these patients. Our data failed 
to show the relationship between HbA1C and higher CTSS.  

Table 5:  Association of CTSS and with comorbidities

CTSS <8
CTSS
8–14 CTSS >14 Chi-square test (df) p-value

HT
N = 38

13 13 12 2.7734 0.597

Hypothyroidism
N = 12

6 3 3

CAD and CKD
N = 7

2 4 1

https://www.who.int/docs/default
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200609-covid-19-sitrep-141
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200609-covid-19-sitrep-141
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200609-covid-19-sitrep-141
https://doi.org/10.1148/radiol.2020200432
https://doi.org/10.1016/j.jinf.2020.02.016
https://doi.org/10.2214/AJR.20.22959
https://doi.org/10.2214/ AJR.20.23034
https://doi.org/10.2214/ AJR.20.23034
https://doi.org/10.1007/s00330-020-06801-0
https://doi.org/10.1186/s43055-020-00245-8
https://doi.org/10.1148/ryct.2020200047
https://doi.org/10.1155/2021/6697677
https://doi.org/10.2214/AJR.20.22976


Chest CTSS Relation with D-dimer CRP and Comorbidities in Patients with COVID-19 Infection

Journal of Mahatma Gandhi University of Medical Sciences and Technology, Volume 7 Issue 2 (May–August 2022) 43

16.	 Aalinezhad M, Alikhani F, Akbari P, et al. The Relationship between 
CT severity score and capillary blood oxygen saturation in patients 
with COVID-19 infection. Indian J Crit Care Med 2021;25(3):279–283. 
DOI: 10.5005/jp-journals-10071-23752

17.	 Xie J, Covassin N, Fan Z, et al. Association between hypoxemia and 
mortality in patients with COVID-19. Mayo Clin Proc 2020;95(6): 
1138–1147. DOI: 10.1016/j.mayocp.2020.04.006

18.	 Yilmaz A, Sabirli R, Seyit M, et al. Association between laboratory 
parameters and CT severity in patients infected with Covid-19: a 
retrospective, observational study. Am J Emerg Med 2021;42:110–114. 
DOI: 10.1016/j.ajem.2021.01.040

19.	 Ejaz H, Alsrhani A, Zafar A, et  al. COVID-19 and comorbidities: 
deleterious impact on infected patients. J Infect Public Health 
2020;13(12):1833–1839. DOI: 10.1016/j.jiph.2020.07.014

12.	 Francone M, Iafrate F, Masci GM, et al. Chest CT score in COVID-19 
patients: correlation with disease severity and short-term prognosis. 
Eur Radiol 2020;30(12):6808–6817. DOI: 10.1007/s00330-020-07033-y

13.	 Li K , Wu J, Wu F, et  al. The clinical and chest CT features 
associated with severe and critical COVID-19 pneumonia. Invest 
Radiol 2020;55(6):327–331. DOI: 10.1097/ rli.0000000000000672

14.	 Xiong Y, Sun D, Liu Y, et  al. Clinical and high-resolution CT 
features of the COVID-19 infection: comparison of the initial 
and follow-up changes. Invest Radiol 2020;55(6):332–339.  
DOI: 10.1097/RLI.0000000000000674

15.	 Zhichao F, Qizhi Y, Shanhu Y, et  al. Early prediction of disease 
progression in COVID-19 pneumonia patients with chest CT 
and clinical characteristics. Nat Commun 2020;11(1):4968.  
DOI: 10.1038/s41467-020-18786-x

https://doi.org/10.5005/jp-journals-10071-23752
https://doi.org/10.1016/j.mayocp.2020.04.006
https://doi.org/10.1016/j.ajem.2021.01.040
https://doi.org/10.1016/j.jiph.2020.07.014
https://doi.org/10.1007/s00330-020-07033-y
https://doi.org/10.1097/ rli.0000000000000672
https://doi.org/10.1097/RLI.0000000000000674
https://doi.org/10.1038/s41467-020-18786-x

	Association of Chest Computed Tomography Severity Score with Oxygen Requirement D-dimer CRP and Comorbidities in Patients with COVID-19 Infection
	Abstract
	Introduction
	Materials and Methods
	Study Design
	Statistics

	Results
	Discussion
	Conclusion
	Acknowledgment
	References


