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Chest CT findings and their dynamic changes in patients with COVID-19
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Abstract: Objective To define chest CT findings and their dynamic changes in patients with coronavirus disease 2019 (COVID-
19) from disease onset to the cure. Method We analyzed the clinical and chest CT data of 6 patients with RT-PCR-confirmed
COVID-19. According to the time from the disease onset to the cure or from the onset to each CT scan, the total of 30 chest CT
scans were divided into 4 stages, namely stage 1 (0-4 days), stage 2 (5-9 days), stage 3 (10-14 days), and stage 4 (over 14 days).
A semi-quantitative scoring system was used to quantitatively assess the pulmonary involvement on the basis of the involved
area. The differences in chest CT signs and the lung injury scores based on CT findings were compared among the 4 stages.
Results In stage 1, ground-glass opacities (GGO) was found frequently in the subpleura, and the CT score was the lowest at
4.00+0.40. Stage 2 was characterized by an increased and mixed density (crazy-paving pattern) with mild consolidation of the
lungs, and the CT score reached its peak level of 7.38+3.34 (P<0.05). In stage 3, an expanded range of consolidation and linear
lesions were found in the lungs, and the total CT score averaged 6.86+2.91. In stage 4, a gradual resolution of the consolidation
occurred with more linear lesions in the lungs, and the total CT score was 6.21+1.56. The CT scores of the lower lobes were
significantly higher compared with those of the middle/upper lobes (P<0.05) in stage 3 and stage 4. Conclusion Chest CT scans
allows dynamic monitoring of the changes in the distribution, density and extent of the pulmonary lesions in the 4 stages,

which are closely correlated with the evolution of the disease course of COVID-19.
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Tab. 1 Clinical data of the 6 confirmed cases of COVID-19
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Clinical data n (%)
Gender: Male 4 (66.67)
Female 2 (33.33)
Fever: Low grade fever (37.3-38 °C) 3 (50.00)
Moderate grade fever (38.1-39 C) 2 (33.33)
High grade fever (>39 °C) 1(16.67)
Cough 4 (66.67)
Shortness of breath 2 (33.33)
Fatigue 1(16.67)
Chills 1(16.67)
Myalgia 2(33.33)

Leucocytes (x10°/L)

Normal 3 (50.00)
Decrease 2 (33.33)
Increase 1(16.67)
Lymphocytes (x10°/L): decrease 6 (100.00)
Eosnophils (x10°/L): decrease 6 (100.00)
C-reactive protein (mg/L): Increase 6 (100.00)
Time from onset of initial symptoms to first scan (day, Mean+SD) 6.00+2.00
Number of scans (Mean+SD) 5.00£1.10
Interval between the adjacent scans (day, Mean+SD) 3.38+1.06
Hospitalized period (day, Mean+SD) 14.67+4.32
Period between onset of initial symptoms to discharge (day, Mean+SD) 23.67+6.19
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Tab.2 Chest CT findings of the lesions in the 4 stages (11, %)
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CT findings (n=30) Stage 1 (n=2)

Stage 2 (n=8) Stage 3 (n=10) Stage 4 (n=10)

Involvement
Single 0(0.00) 1(12.50) 0(0.00) 0 (0.00)
Bilateral 2 (100.00) 7 (87.50) 10 (100.00) 10 (100.00)
Distribution
Peripheral 1 (50.00) 5 (62.50) 6 (60.00) 9 (90.00)
Central 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Central+peripheral 1 (50.00) 3(37.50) 4 (40.00) 1(10.00)
Density
GGO 1 (50.00) 1(12.50) 2 (20.00) 2 (20.00)
Consolidation 0 (0.00) 1(12.50) 5 (50.00) 2 (20.00)
Crazy-paving pattern 1 (50.00) 6 (75.00) 3 (30.00) 6 (60.00)
Linear lesions 0(0.00) 4 (50.00) 10 (100.00) 10 (100.00)
GGO: Ground-glass opacities.
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Fig.1 Changes in CT findings of the lesions at different stages.
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B2 fREFER CTREL
Fig.2 CT finding of the lesion density. A: Ground-glass opacities; B: Crazy-paving pattern
(GGO with superimposed inter- and intralobular septal thickening); C: Consolidation.
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Fig.3 CT images of a patient in the 4 stages. A: GGO; B: crazy-paving pattern density of lesions in stage 1; C-D: In
stage 2, chest CT images showed progression in the extent and density of the lesions, and consolidation can be seen;
E: In stage 3, follow-up CT scan showed multiple consolidation foci in the bilateral lungs and air bronchogram sign
in the lingular segment of left upper lung lobe (red arrow). There were linear lesions in the right lower lung lobe; F:
CT scan obtained in the stage-4 showing gradual resolution of the consolidation and appearance of more linear
lesions. The crazy-paving pattern was the main density.
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Tab.3 CT scores of pulmonary involvement in the 4 stages (Mean+SD)

CT scores Stage 1 (n=2) Stage 2 (n=8) Stage 3 (n=10) Stage 4 (n=10)
Total CT score 4.00+0.40 7.38+3.34¢ 6.86+2.91 6.21+1.56
Number of involved lobes 3.00+0.00 4.00£1.51 4.30£1.16 4.30+0.95
Right upper lobe 0.00+0.00 0.88+0.83 1.00+0.67 0.79+0.46
Right middle lobe 0.00+0.00 0.63+0.52 0.90+0.57 0.89+0.33
Right lower lobe 1.50+0.70 1.88+1.25 1.77+0.82 1.56+0.53
Left upper lobe 1.00+0.50 1.75+1.04 1.20+0.92 1.11£1.00
Left lower lobe 1.50+0.71 2.25+1.04 1.99+0.95 1.86+0.93

A -0.82-1.64°/-2.05° -2.32%-2.50°/-2.82¢ -1.52%-2.59°/-2.03¢
P 0.41°/0.10°/0.04° 0.020.01°/0.01° 0.13%0.01%0.04°

*'P<0.05, left lower lobe vs left upper lobe; "P<0.05, right lower lobe vs right upper lobe; “P<0.05, right lower lobe vs right middle lobe; d
Wilcoxon test showed significant difference between Stage-1 and Stage-2 (Z=-2.63, P=0.02).
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Fig4 CT scores in different stages. A: Total CT
score of pulmonary involvement in the 4 stages (*P<
0.05, Stage-1 vs Stage-2); B: Dynamic changes of
total CT score from the onset of initial symptoms to
discharge of the 6 patients. The total CT scores of 4
patients were in stage 2 (black arrow), and the other
2 in stage 3 (dashed circles); C: CT score of each
lung lobe in the 4 stages (*P<0.05).
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