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	  Introduction


The COVID-19 pandemic began in Wuhan (Hubei, China) in December 2019 and rapidly spread around the World. Because of RT-PCR sensitivity limitations [1], the radiology literature has focused on detecting the probability of infection of non-contrast CT findings [2]. However the elevated serum D-dimer levels and its relationship with poor outcomes in COVID-19 pneumonia patients have been demonstrated [3]. D-dimer is known as a biomarker of inflammation. Therefore, we considered that serum D-dimer levels may predict the severity of inflammation. CT involvement extent is the most visual parameter, which could reflect the severity of inflammation. In this study, we investigated the relationship between D-dimer levels and thorax CT severity score in the patients with COVID-19.


Methods 


In this retrospective study, 84 patients with COVID-19 pneumonia who were diagnosed with RT-PCR and thorax CT findings and whose serum CRP and D-dimer levels were available were included. The study was performed in Lokman Hekim University between April 1, 2020 and December 31, 2020. The study was approved by the local ethics committee.



Serum D-dimer and CRP levels were obtained on admission. CRP and D-dimer levels were tested using immunoturbidimetric assay with the reference ranges of 0-5 mg/L and 0-500 ng FEU/ mL, respectively. Thorax CT examinations were performed with Toshiba Aquilion 64 multidetector CT scanner. Contrast material was not used. The tube voltage was determined as 120 kV with automatic tube current modulation. The matrix size was 512 × 512. Thin reformat images with a slice thickness of 2 mm were reconstructed from the images taken with a slice thickness of 1 mm in the axial plane.



Thorax CTs were evaluated by two radiologists (12 and 18 years of experience) in terms of distribution of lesions and imaging findings. CT findings were evaluated for ground-glass density, consolidation, fibrous stripe, pleural effusion, mediastinal lymphadenopathy, ratio of lung involvement and, the severity score of thorax CT was calculated.



Radiologically, the severity of the COVID-19 pneumonia was classified into 4 groups. The area of affected lungs consistent with COVID-19 pneumonia in each patient's CT after admission was classified as; no affect (score 0), ≤ 30% (score 1), 31-50% (score 2), and ≥ 50% (score 3) of total lung area.


Results 


We included 84 consecutive patients to our retrospective study. All patients were positive with RT-PCR. Among patients, forty seven (55.95%) were males and 37 (44.05%) were females. Their ages ranged from 21-94 and the median age 54 years. Serum D-dimer level was normal in 47 patients. D-dimer elevation was detected in 37 patients. The median D-dimer level was 1.145,79 ng FEU/mL (43-10.186 ng FEU/mL). Another inflammation marker, the median CRP level was 60.4 mg/L. Elevated CRP showed correlation with elevated D-dimer level in 32 patients.



Thorax CT results were obtained from 84 patients. 25% (21/84) of the patients did not have any lung involvement. Less than 30% lung involvement was determined in 45.2% (38/84) of the patients while 31-50% lung involvement was present in 6% (14/84) of the patients and ˃ 50% lung involvement was present in 13.1% (11/84) of the patients.



The predominant changes seen were ground- glass opacity in 51 patients (60.71%), followed by patchy consolidation in 18 patients (21.42%), fibrous stripe in 29 patients (34.52%), pleural effusion in 7 patients (8.33%) and mediastinal lymphadenopathy in 14 patients (16.66%). Lung involvement was often bilateral (60.71%). The comparison of CT findings between the normal D-dimer group and elevated D-dimer group are shown in Table 1.


 

	
	
	Table 1: The comparison of CT findings between the normal D-dimer group and elevated D-dimer group. View Table 1
	




  

Thorax CT severity score was zero in 21 patients, one in 38 patients (Figure 1), two in 14 patients (Figure 2), and three in 11 patients (Figure 3). The comparison of CT severity score between the normal D-dimer group and elevated D-dimer group are shown in Table 2.




	
		
		Figure 1: A 48-year-old male with COVID-19 pneumonia. Thorax CT images were in the parenchymal window (W: 1600-L: -600). CT images show ground-glass densities in the subpleural areas (arrow) of the left lungs (Score 1). 
			View Figure 1
		
	




     


	
		
		Figure 2: A 69-year-old female with COVID-19 pneumonia. Thorax CT images were in the parenchymal window (W: 1600-L: -600). CT images show consolidation and fibrous stripe in the both of lungs (Score 2). 
			View Figure 2
		
	




      


	
		
		Figure 3: A 57-year-old female with COVID-19 pneumonia. Thorax CT images were in the parenchymal window (W: 1600-L: -600). CT images show diffuse consolidation (arrow) (Score 3) (A-B). 
			View Figure 3
		
	




   
 

	
	
	Table 2: The comparison of CT severity score between the normal D-dimer group and elevated D-dimer group. View Table 2
	





Discussion 


We demonstrated that in patients diagnosed with COVID-19, serum D-dimer elevation upon admission was common and was associated with thorax CT severity score. D-dimer is a small protein fragment released in to the blood when a blood clot degraded by fibrinolysis. However, any pathologic or non-pathologic process that increases fibrin production or break down also increases plasma D-dimer levels. Examples include deep vein thrombosis, pulmonary embolism, arterial thrombosis, disseminated intravascular coagulation and conditions such as pregnancy, inflammation, cancer, chronic liver diseases, post-traumatic, surgery status and vasculitis. D-dimer was not previously considered a biomarker in viral or bacterial pneumonia. Li, et al. and Zhou, et al. found that high mortality in patients with COVID-19 was due to the high level of D-dimer [3,4]. Tang, et al. reported that those with severe conditions had D-dimer values 3.5 times higher of the other patients [5]. Yilmaz, et al. reported that those with serum ferritine and D-dimer levels were observed to be high in the CT-positive group and have moderate positive correlation with CT severity [6].



A large body of clinical work investigating the abnormalities in laboratory parameters of COVID-19 disease documented high D-dimer, Ferritin, CRP values and low lymphocyte count [7]. We also measured at CRP levels and found elevated CRP showed correlation with elevated D-dimer level in our study. Ozer, et al. reported that CT stage, CRP and D-Dimer values should be adopted as crucial prognostic factors in order to provide efficient healthcare [8].



COVID-19 is a newly identified viral disease that causes severe respiratory failure. Thorax CT is frequently used in the diagnosis of COVID-19 pneumonia, in the course of the disease, in demonstrating progression and residual disease. The stages of radiological recovery in patients with COVID-19 pneumonia were reported by Akcay, et al. [9]. In the initial phase (0-4 days), the main CT finding is ground glass density in the bilateral or unilateral sub pleural area. In the progressive stage (5-8 days), bilateral multi lobar distribution, diffuse ground glass densities, cobblestone pattern and consolidation are common CT findings. In the peak stage (9-13 days), consolidation, cobblestone pattern, diffuse ground glass density, and residual parenchyma fibrous bands are among the CT findings.



Our CT findings in COVID-19 patients were very similar to the another studies included predominantly peripheral ground-glass density, consolidation and fibrous stripes [10,11]. A previous study reported that lung involvement were bilaterally and predominantly right lung [12]. In our study, we found often lung involvement were bilaterally and predominantly right lung too. It should be kept in mind that D-dimer will be higher in patients with thorax CT involving more than 2 lobe, pleural effusion, mediastinally lymphadenopathy, consolidation and fibrous stripe. In these, care should be taken in terms of prognosis, treatment should be started early and followed closely.



This study has some several limitations. First, the current study was done in a single center. Second, it's a retrospective analysis and patients we included in the present analysis were not systematically assessed for the presence of pulmonary embolism. Further researches may be needed when extrapolated to wider patient population.



In conclusion, we found that a high level of D-dimer in patients with COVID-19 was associated with thorax CT severity score. D-dimer may be a potential prognostic maker for the early warning severe cases. We believe that the findings are helpful for diagnosed the of COVID-19 pneumonia who showed elevated serum D-dimer. Especially, D-dimer levels measured at the time of admission to the hospital can be taken into consideration to predict radiological severity.
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