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who noticed a progression in the GGOs till the peak stage
(9-13 after the onset of symptoms) where most of the GGOs
were replaced by consolidations, and this finding was almost
similar to our study. Also, they observed extensive GGOs
during the absorption stage (> 14 days after the onset of
symptoms) as the sequel of consolidation absorption [11].

The incidence of consolidation and crazy paving
showed a gradual rise to reach its peak at the 3rd stage
(8-14 days after the onset of symptoms) (63.4%) and this
was in parallel to the highest incidence of complications
as well as the lowest oxygen saturation level at the same
stage. Therefore, we can consider the consolidation as a

Fig. 2 A diagram showing the changes in the incidence of different CT findings and the incidence of complications during different stages of
follow-up of cases with COVID-19 infection

Fig. 3 A diagram showing the changes in the incidence of different CT patterns along the different stages of follow-up of cases with
COVID-19 infection
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CT sign of severity and prediction of complications. Pan
F et al.’ study agreed with this, as they noticed consolida-
tion changes in 90% of the patients at the 3rd stage
which was also the peak [11]. Liang T et al. also showed
a progressive increase in the incidence of consolidation
that resolved gradually after 2 weeks from the onset of
symptoms [16]. Wang Y et al. hypothesized that consoli-
dation during this stage was due to organizing pneumo-
nia which had the potential to progress to fibrosis and
mandated the increase in steroid therapy [10]. Liu et al.
studied 73 patients and found that consolidation was the
commonest CT feature in patients with severe infection
[17]. Liu N et al. also found that consolidation was the
commonest feature during the follow-up study (81%)
and gradually decreased during further follow-up [18].
Fibrosis was not seen in all cases particularly in the

early stages. Yet, its incidence increased in the late stage
(4th stage) 15-21 days from the onset of the symptoms,
when most of the features, CT severity, and oxygen sat-
uration improved. Therefore, we could consider the ap-
pearance of fibrosis as a sign of healing and resolution of
the disease. This was consistent with Wang Y et al. and
Liang et al. who found a higher incidence of fibrosis in
the late stage in their studies and also confirmed it as a

sign of resolution of the disease process [10, 16]. Xiong
Y et al. studied 42 patients with initial and follow-up CT
done at 4.5 and 11.6 days respectively after the onset of
symptoms and concluded that the incidence of fibrosis
almost doubled from 36% in the initial CT to 74% in the
follow-up CT [4].
According to our study, there was a gradual progres-

sion of the pulmonary opacities, an increase in crazy
paving and consolidation, and consequently mixed at-
tenuation pattern through the course of the disease to
reach the peak at the 3rd stage and then dropped in the
4th stage. Moreover, mixed attenuation with predomin-
ant consolidation was commoner than mixed attenu-
ation pattern with predominant GGO during the 3rd
stage. These were keeping with other few studies [10, 13,
16]. Also in complicated cases, we noticed a higher inci-
dence of mixed attenuation patterns with predominant
consolidation during different stages of the disease ren-
dering it a CT sign of severity.
Different CT scoring systems were used to assess the

disease severity, some of them depended on the assess-
ment of the disease extension whatever the pattern of
the disease, while others depended on both the disease
extension as well as the pattern of CT features [10, 11,

Fig. 4 A 27-year-old medical staff who contacted a COVID 19 positive patient and complained of dyspnea and fever. He was diagnosed to have
COVID-19 confirmed by a positive RT-PCR test. The 1st CT (lung window) was done 2 days after the onset of the symptoms (a) revealed the
presence of a bilateral lower lobar posterior and peripheral ill-defined veiling of ground-glass opacity. Follow-up CT (b) after 7 days from the
onset of symptoms showed multi-lobar subpleural more defined multiple ground-glass patches which denoted disease progression. Peripheral
subsegmental consolidative patches with fewer areas of ground-glass opacity were noted in (c) which was done after 12 days from the onset of
symptoms (stage 3). (d) represented CT at the 4th stage after 18 days from the onset of symptoms revealed complete resolution of the previously
noted features (negative CT)

Osman et al. Egyptian Journal of Radiology and Nuclear Medicine          (2020) 51:255 Page 7 of 11



Fig. 5 A diagram shows the changes in the numbers of the lobes affected by COVID-19 and CT severity score (a) as well as the oxygen
saturation (b) during different stages of follow-up of cases with COVID-19 infection. As noticed, the more lobes are affected, the higher the CT
severity score is, and the lower is the oxygen saturation level

Table 3 The incidence of consolidation and different CT patterns in complicated cases during different stages of the disease

Complicated cases 1st stage 2nd stage 3rd stage 4th stage Total

Number of cases 3 3 19 3 28

Consolidation feature 2 (66.67%) 3 (100%) 18 (94.74%) 3 (100%) 26 (92.86%)

Pattern

Pure GGO 1 (33.33%) 0 (0%) 1 (5.26%) 0 (0%) 2 (7.14%)

Mixed attenuation with predominant GGO 0 (0%) 1 (33.33%) 3 (15.79%) 0 (0%) 4 (14.29%)

Mixed attenuation with predominant consolidation 2 (66.67%) 2 (66.67%) 10 (52.63%) 2 (66.76%) 16 (57.14%)

Pure consolidation pattern 0 (0%) 0 (0%) 5 (26.32%) 1 (33.33%) 6 (21.43%)

Average CT severity score 12 12.66 10.21 12.33 12
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