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ABSTRACT 

Objectives: COVID-19 infection demonstrates characteristic find- 
ings in chest CT. The optimal timing of repeated CT scans still needs 
to be clarified, and the optimal time to assess imaging clearance in 
COVID-19 is still unknown. It is crucial to have a roadmap of the 
imaging course of COVID-19 pneumonia to develop guidelines for 
prompt diagnosis of pulmonary complications, especially fibrosis, at 
the earliest stage. 

Purpose: To assess the temporal changes of chest CT findings in pa- 
tients with COVID-19 pneumonia and evaluate the rate of a complete 
resolution and determine the patients are at excessive risk for residual 
parenchymal abnormalities. 

Materials and Methods: This retrospective observational study 
included 48 patients with real-time polymerase chain reaction–
confirmed COVID-19 who were admitted to three academic hospi- 
tals. These patients underwent at least one initial chest CT before or 
after admission and at least one follow-up CT scan four weeks or more 
after the onset of the symptoms. All chest CTs were categorized ac- 
cording to time of performance into four groups, including the first 
week, second week, third-fourth week, and more than 28 days. Lung 
involvement was categorized as predominantly alveolar (ground-glass 
opacity and consolidation), organizing pneumonia, and reticular pat- 
terns. The severity of involvement was also evaluated by the reader. 

Results: Forty-eight patients and a total of 130 chest CT scans were 
evaluated. The alveolar pattern showed a gradual decrease in frequency 
from 91% in the first week to 9% after the fourth week of the disease 
but the organizing pneumonia pattern gradually increased with dis- 
ease progression and the frequency of reticular pattern increased sig- 
nificantly after third week. Complete resolution of CT findings was 
seen in 17 patients (13.1%) and was significantly more prevalent in 
patients of younger age (p value < 0.001) and with lower initial CT 

severity scores (p value = 0.048). CT severity scores in the second week 
were significantly higher in ICU admitted patients (p value = 0.003). 

Conclusion: There are temporal patterns of lung abnormalities in pa- 
tients with COVID-19 pneumonia. The predominant CT pattern was 
alveolar infiltrate in the first and second weeks of the disease, replaced 
with an organizing pneumonia pattern in the third and fourth weeks. 
Progression of lung involvement was correlated with ICU admission 
due to the highest CT severity score in the second and third weeks of 
presentation but not in the first week in patients who were admitted 
at ICU. Complete CT resolution was significantly more common in 
patients of younger age and lower initial CT severity scores. 

RÉSUMÉ
Objectifs: L’infection à COVID-19 présente des résultats caracté- 
ristiques au scanner thoracique. Le moment optimal pour répéter les 
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tomographies doit encore être clarifié, et le moment optimal pour 
évaluer l’intervalle d’imagerie dans le cas de la COVID-19 est encore 
inconnu. Il est crucial d’avoir une feuille de route de l’évolution de 
l’imagerie de la pneumonie à COVID-19 afin de développer des di- 
rectives pour un diagnostic rapide des complications pulmonaires, en 
particulier la fibrose, au stade le plus précoce. 

But: Évaluer les changements temporels des résultats du scanner tho- 
racique chez les patients atteints de pneumonie à COVID-19, évaluer 
le taux de résolution complète et déterminer les patients présentant un 
risque excessif d’anomalies parenchymateuses résiduelles. 

Matériel et méthodologie: Cette étude observationnelle rétrospective 
a inclus 48 patients dont la réaction en chaîne par polymérase en temps 
réel a confirmé la présence de COVID-19 et qui ont été admis dans 
trois hôpitaux universitaires. Ces patients ont subi au moins un scanner 
thoracique initial avant ou après leur admission et au moins un scan- 
ner de suivi quatre semaines ou plus après l’apparition des symptômes. 
Toutes les tomographies thoraciques ont été classées selon le moment 
de leur réalisation en quatre groupes, à savoir la première semaine, la 
deuxième semaine, la troisième-quatrième semaine et plus de 28 jours. 
L’atteinte pulmonaire a été classée en trois catégories: alvéolaire pré- 
dominante (opacité en verre dépoli et consolidation), pneumonie or- 
ganisée et schémas réticulaires. La gravité de l’atteinte a également été
évaluée par le lecteur. 

Résultats: Quarante-huit patients et un total de 130 tomographies 
thoraciques ont été évalués. Le schéma alvéolaire a montré une diminu- 

tion progressive de sa fréquence, passant de 91 % au cours de la pre- 
mière semaine à 9 % après la quatrième semaine de la maladie, mais 
le schéma de pneumonie organisée a progressivement augmenté avec 
la progression de la maladie et la fréquence du schéma réticulaire a 
augmenté de manière significative après la troisième semaine. La ré- 
solution complète des résultats de l’examen tomodensitométrique a 
été observée chez 17 patients (13,1 %) et était significativement plus 
fréquente chez les patients plus jeunes (valeur p < 0,001) et avec des 
scores initiaux de gravité tomodensitométrique plus faibles (valeur 
p = 0,048). Les scores de gravité de la tomodensitométrie au cours de 
la deuxième semaine étaient significativement plus élevés chez les pa- 
tients admis en soins intensifs (valeur p = 0,003). 

Conclusion: Il existe des schémas temporels d’anomalies pulmonaires 
chez les patients atteints de pneumonie à COVID-19. Le modèle 
TDM prédominant était un infiltrat alvéolaire au cours des première 
et deuxième semaines de la maladie, remplacé par un modèle de pneu- 
monie organisée au cours des troisième et quatrième semaines. La pro- 
gression de l’atteinte pulmonaire était corrélée à l’admission en soins 
intensifs, le score de gravité tomodensitométrique étant le plus élevé
au cours des deuxième et troisième semaines de présentation, mais pas 
au cours de la première semaine chez les patients admis en soins in- 
tensifs. La résolution complète de l’atteinte pulmonaire par tomoden- 
sitométrie était significativement plus fréquente chez les patients plus 
jeunes et présentant des scores de gravité tomodensitométrique initi- 
aux plus faibles. 

Keywords: COVID-19; pneumonia; CT; temporal changes; Chest 
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COVID-19 infection demonstrates characteristic findings in
chest CT. The imaging findings change during the disease, and
physicians need to be familiar with various imaging patterns.
The hallmark of COVID-19 is the presence of bilateral patchy
ground-glass opacities (GGOs) that may coalesce into dense
consolidation in the course of the disease [1] . As the disease
progresses, new lesions may occur in the previously unaffected
areas of the lung. The density and number of lesions may also
change over time. These findings represent foci of edema, orga-
nizing pneumonia, and diffuse alveolar damage [2] . The lesions
are typically gradually absorbed over two weeks [3] , but in some
patients, inflammation matures to form residual fibrosis [2] . 

Repeated CT scans can help identify the early and long-term
complications of COVID-19 pneumonia, although at the cost
of extra ionizing doses. The optimal timing of repeated CT
scans still needs to be clarified, and the optimal time to assess
imaging clearance in COVID-19 is still unknown. The gen-
eral recommendation is to repeat chest radiograph (CXR) six
weeks after community-acquired pneumonia to exclude pri-
mary bronchial neoplasms [4] . However, the patchy ground-
glass opacity in COVID-19 pneumonia is less probable of har-
boring underlying malignancy, particularly in the context of the
pandemic [2] . Although the data are still limited for COVID-
19 pulmonary sequela, there may be essential parallels from the
severe acute respiratory syndrome (SARS) outbreak of 2002–
2003 caused by SARS-CoV and the Middle East respiratory
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syndrome (MERS) first identified in 2012 [2] . Air-space opaci-
fication and reticulation are the most commonly reported resid-
ual imaging findings in SARS/MERS patients [5,6] , found 3-6
months after the initial diagnosis. It is crucial to have a roadmap
of the imaging course of COVID-19 pneumonia to develop
guidelines for prompt diagnosis of pulmonary complications,
especially fibrosis, at the earliest stage. 

This study aimed to evaluate the temporal changes of chest
CT findings in patients with COVID-19 pneumonia. 

Methods and materials 

Patient selection 

The Ethics committee of the Mashhad University of Med-
ical Science, Iran, approved this retrospective observational
study and the review board waived informed consent due to
the observational nature of the research and the epidemic of
COVID-19 as an emergency public health event. 

Patients with confirmed COVID-19 pneumonia who were
admitted to the isolation wards of three academic hospitals
from January 16, 2020, to March 17, 2020, were evalu-
ated using the following inclusion criteria; at least one pos-
itive real-time reverse transcriptase-polymerase chain reaction
(RT-PCR) result for severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) in oropharyngeal swabs was obtained
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Figure 1. The frequency of CT pattern distribution in the resolution group. 
before or after admission, at least one CT scan with lung abnor-
malities before or after admission, available electronic records,
and at least one follow-up CT scan performed four weeks or
more after the onset of the symptoms. No specific exclusion
criteria were applied. 

CT protocol 

All chest CT exams were performed in a caudocranial direc-
tion using a commercially available 16-slice CT scanner (Neu-
Viz 16 Essence, Neusoft Medical Systems, China). All the scans
were done in the supine position with arms extended over the
head. 

Image Interpretation 

The images were retrieved from PACS, anonymized, and
transferred into a dedicated workstation and analyzed using
OSIRIX MD 

TM (version 10.0.1) software and a medical moni-
tor. A radiologist with ten years of experience (BA) reviewed all
the images. CT images were assessed in line with the descrip-
tors defined by the Fleischner Society [7,8] regarding the pres-
ence of alveolar pattern characterized as ground-glass opacity
(GGO) (increased parenchymal attenuation without the ob-
struction of underlying vasculature), consolidation (increased
parenchymal attenuation with obstruction of underlying vas-
culature), or a combination of consolidation and GGO. The
presence of rounded GGO/consolidation, halo sign, architec-
tural distortion, or parenchymal lines was also evaluated. The
laterality and distribution of parenchymal abnormalities in the
transverse (central, peripheral, and diffuse) were assessed. The
outer third of the lung was defined as peripheral, and the in-
ner two-thirds were defined as central. The reading radiologist
was asked to categorize each CT scan according to the domi-
nant parenchymal finding into one of the following categories;
Alveolar infiltrates pattern (mostly ground-glass opacity and/or
consolidation), organizing pneumonia pattern (mostly consol-
idations associated with parenchymal distortions), fibrotic pat-
tern (mostly reticulations and linear stripes), or normal. 

For all scans, the extent of involvement on thin-slice CT
images was evaluated by the radiologist. We used the method
previously applied by Wang et al. [8] . This method uses lung
opacification as a criterion for the extent of the disease in the
lungs. Each lung was divided into three zones: the upper zone
(above the carina), the middle zone (from the carina to the in-
ferior pulmonary vein), and the lower zone (below the inferior
pulmonary vein). The degree of involvement in each zone was
scored as follows: a score of 0 denoted no involvement; one,
< 25% involvement; two, 25% to less than 50% involvement;
three, 50% to less than 75% involvement; and four, ≥ 75%
involvement. The total score ranged from 0 to 24. 

The CT studies were categorized according to the time inter-
val between symptom initiation and CT acquisition (in weeks),
into the acute (first week), early subacute (second week), late
subacute (weeks three and four), and chronic phase (after the

fourth week). 
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Statistical analysis 

Data analysis was performed using SPSS software (version
23.0, SPSS Inc., Chicago, Ill). 

We summarized continuous variables using mean ± SD
or median and interquartile range (IQR) when appropriate.
Categorical variables are presented as n (%). In all statistical
analyses, p < 0.05 was considered statistically significant. As
most variables were non-parametric, we used Mann-Whitney
test to compare quantitative variables between two groups, and
Kruskal-Wallis test to compare them between more than two
groups. 

Results 

Patient characteristics 

A total of 130 computed tomographic examinations related
to 48 patients were evaluated. At least one follow-up chest CT
scan with a minimum time interval of four weeks from the ini-
tial CT examination was performed for each patient. Each pa-
tient underwent a mean of 2 (SD 1.06) CT scans. The median
time interval between symptom onset and initial CT scan was 8
(5-11 IQR) days. The median time interval between symptom
onset and follow-up CT scan was 39 (23.75-89 IQR) days. The
median time interval between the initial and follow-up CTs was
31 (16-84 IQR) days. The demographic and laboratory data are
summarized in Table 1 . 

Temporal changes of CT findings 

The predominant pattern of abnormality was alveolar in the
first two weeks and organizing pneumonia in the third and
fourth weeks. The alveolar pattern saw a gradual decrease in fre-
quency from 91% in the first week to 9% after the fourth week
of the disease. On the contrary, the organizing pneumonia pat-
tern gradually increased with disease progression. We had one
case of a complete resolution and one case of reticular pattern
in the third-fourth week. Still, all other instances of reticula-
tion and complete resolution were seen after the fourth week of
symptom initiation ( Figures 1-4 ). 
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Figure 2. The frequency of CT pattern distribution in the non-resolution 
group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We investigated the temporal changes of the CT severity
score which showed a marked increase in the second week
( Figure 5 ), and were significantly different in the various phases
Figure 3. Example of a patient from our cohort. A 42 y/o man, presented with fever 
pattern with mixed GGO and consolidation. (b) On the 18 th day, partial resolution of
produces an OP pattern. (c) On the 42 nd day, the lesions have progressed into archite
the lesions are completely resolved. 
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of the disease (Kruskall Wallis test, p: 0.000). A comparison of
the CT severity scores at different phases of the disease between
the two groups is summarized in Figure 5 . The alveolar pat-
tern of involvement is seen in 39 (42.9%) patients without and
15 (38.5%) patients with complete resolution. The organizing
pneumonia pattern is seen in 33 (36.3%) patients without and
7 (17.9%) patients with complete resolution. The reticular pat-
tern is seen in 18 (19.8%) patients without and 0 (0%) patients
with complete resolution (chi square, p: 0.000). 

Only one patient had a normal CT scan at the time of ad-
mission. CT findings were completely resolved in 17 (36%)
patients. There was a significant difference in the initial CT
severity score (p: 0.048) and age (p: < 0.001) between the pa-
tients with and without complete CT resolution. No significant
difference was seen in the two groups regarding the prevalence
of hypertension (p: 0.65), diabetes mellitus (p: 0.62), coronary
artery disease (p: 0.2), and COPD (p: 0.4) ( Table 2 ). 

Among the 48 studied patients, 18 were admitted to the
ICU at some point during their hospitalization. We compared
the CT severity scores between patients admitted in the ICU
and those not ( Figure 6 ). Only 4 (8.3%) mortality cases were in
and cough. (a) The first CT scan obtained on the 11 th day shows an alveolar 
 lesions and ground-glass opacities with superimposed architectural distortion 

ctural distortions and bands, forming a reticular pattern. (d) on the 496 th day, 
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Figure 4. A 77-year-old woman presented with fever and dyspnea. (a) Axial lung CT scan obtained on the 10 th -day after symptom onset shows an alveolar pattern with 
consolidation and air-bronchogram. (b) on the 17 th day, the lesions have decreased attenuation, forming an alveolar pattern with mixed GGOs and consolidations. 
(c) On the 31 st day, parenchymal retraction and parenchymal bands are added to the picture. (d) on the 44 th day, there are some remaining parenchyma distortions 
and bronchial dilatations. 

Figure 5. CT severity in patients with and without complete CT resolution in 
the course of the COVID-19 disease. 

 

 

 

 

Figure 6. CT severity in patients with and without ICU admission in the 
course of the COVID-19 disease. 

 

 

 

the evaluated group, so we did not extend our statistical analysis
to this factor. There was a significant difference in CT severity
score after the first week between the patients with and without
ICU admission. This was not the case for the CT severity score
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in the first week. The CT severity score being roughly the same
in the first week between the two groups, increased dramatically
in the second and third weeks in patients who eventually needed
ICU admission ( Figure 6 ). 
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Table 1 
Patient demographics, comorbidities, symptoms at admission and laboratory 
findings at admission. 

Variables patients(n = 48) 

Age (years), median (IQR) 57 (46-71) 
Gender, n (%) Male 28 (58.3) 

Female 20 (41.7) 
Comorbidities, 
n (%) 

Diabetes 13 (27.1) 
Hypertension 10 (20.8) 
Coronar y arter y disease 12 (25) 
Chronic obstructive pulmonary disease 6 (12.5) 
Malignancy 2 (4.2) 
Immunosuppression 8 (16.7) 

Symptoms, 
n (%) 

Fever 22 (45.8) 
Cough 19 (39.6) 
Dyspnea 33 (68.8) 
Myalgia 8 (16.7) 
Weakness 8 (16.7) 
Gastrointestinal upset 5 (10.4) 
Altered mental status 7 (14.6) 
Chest pain 1 (2.1) 
Hemoptysis 2 (4.2) 

ICU admission, n (%) 18 (37.5) 
Hypoxia at admission, n (%) 14 (29.2) 
Laboratory data 
WBC ( ∗10 ̂ 9/L), median (IQR) 8 (6.2-10.1) 
LYM% 14.4 (10-21) 
Lymphocyte count ( ∗10 ̂ 9/L), median (IQR) 1.16 (.77-1.43) 
LDH (U/L), median (IQR) 649 (452.2-841.4) 
CRP (mg/L), median (IQR) 111 (25.4-186.8) 
AST (U/L), median (IQR) 28.5 (19.5-67.75) 
ALT (U/L), median (IQR) 43.5 (18.5-83.5) 

IQR: Interquartile range, WBC: White blood count, LDH: Lactate dehy- 
drogenase, CRP: C reactive protein, ESR: erythrocyte sedimentation rate, 
AST: Aspartate aminotransferase, ALT: alanine aminotransferase, BUN: 
blood urea nitrogen, Cr: Serum creatinine, Hb: hemoglobin, LYM%: lym- 
phocyte percentage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

This study evaluated the longitudinal changes in imaging
abnormalities on thin-section thoracic CT scans of patients
Table 2 
Factors associated with complete resolution of CT findings in COVID-19 patients 

Factor Final CT

Complete
group 

Demographics Gender, n (%) of males 9 (52.9) 
Age (years), median (IQR) 46 (37.5-

Comorbidity factors Hypertension, n (%) 3 (17.6) 
Diabetes, n (%) 4 (23.5) 
Coronar y arter y disease, n (%) 3 (17.6) 
COPD, n (%) 1 (5.9) 

Laboratory findings Serum CRP level (mg/L), Median (IQR) 125 (15.8
Serum LDH level (U/L), median (IQR) 670 (459
Lymphopenia, n (%) 5 (29.4) 

Initial CT severity score (SD) 7.9 (4.0) 
Time interval between final CT and symptom onset in days, mean (SD) 116.1 (10

∗ T test 
∗∗ Chi square test 
∗∗∗ Mann Whitney test 

6 B. Abbasi, M. Pezeshki-Rad, H. Soleimani et al. / Journal of M

Please cite this article as: B. Abbasi, M. Pezeshki-Rad, H. Soleimani et al., Tempor
infection, Journal of Medical Imaging and Radiation Sciences, https://doi.org/10.101
with COVID-19 pneumonia. The CT findings reflect a typical
lung injury in viral pneumonia, previously described in the
severe acute respiratory syndrome (SARS) and Middle East
respiratory syndrome (MERS) [9] . In our patients, the extent
of parenchymal abnormalities increased markedly between
the first and second weeks after the onset of symptoms. The
peak levels of lung involvement were reached in the second
week. This was followed by a decline in scores in the following
weeks. This pattern was seen in patients with and without
eventual complete resolution of CT findings, and in patients
with and without subsequent ICU admission. The findings
are in line with several other studies [10–13] and may suggest
the second week of the disease as the most critical time in
the natural course, in which the lung injury reaches the peak
level on imaging. We showed that the CT severity score in the
second week was significantly higher in patients who needed
ICU admission; however, the CT severity score in the first
week was not statistically different in the two groups. This
suggests that the CT severity score in the second week can
be a predictor of the patient’s subsequent need for intensive
care. 

Although CT severity scores decreased after the third week,
the frequency of reticular patterns and fibrous-like changes sig-
nificantly increased in this period. 

The most common CT pattern in the first two weeks of
the disease was the alveolar pattern (ground-glass opacities
and/or consolidations), which was quickly replaced with an or-
ganizing pneumonia pattern in the third and fourth weeks.
Secondary organizing pneumonia from viral infections is a
known entity previously reported in SARS, MERS, and in-
fluenza infection [14,15] . The frequency of reticular patterns
and fibrous-like changes significantly increased after the fourth
week. This finding is noteworthy, as it has been shown that or-
ganizing pneumonia has the potential to progress to fibrosis.
A follow-up CT scan might be needed for the early identifica-
tion of patients suspected of having organizing pneumonia in
COVID-19 [8] . 
 outcome p value 

 resolution Non-resolution 
group Total 

20 (64.5) 29 (60.4) 0.32 ∗∗
56) 68 (55-78) 57 (66.2-71.5) < 0.001 ∗∗∗

7 (22.6) 10 (22.9) 0.49 ∗∗
9 (29) 13 (27.1) 0.48 ∗∗
9 (29) 12 (25) 0. .31 ∗∗
5 (16.1) 6 (12.5) 0. .29 ∗∗

-201.3) 111 (25.4-178.9) 111 (25.4-186.8) 0.84 ∗∗∗
-916) 623 (431.5-808.5) 649 (452.2-841.4) 0.57 ∗∗∗

14 (45.2) 19 (39.6) 0. .22 ∗∗
10 (5.9) 9.2 (5.4) 0.048 ∗

9.1) 73.8 (87.7) 87.6 (96.2) 0.15 
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GGOs are a typical pattern in viral pneumonia but not spe-
cific to the COVID-19 infection [16,13] . Various factors can
contribute to the GGO formation, including the partial col-
lapse of alveoli, filling of airspaces with fluid, pus, blood, etc.,
septal thickening, or combinations of them [7] . The most com-
mon parenchymal abnormality was a combination of GGO
and consolidations. Pure GGOs were seen in 36.4% of patients
in the first week of the presentation. The proportion of pure
GGO dropped significantly in the later stages of the disease.
On the contrary, pure consolidation was seen in only one pa-
tient (4.5%) in the first week, but its prevalence increased to
20% in the second week. 

The addition of architectural distortions, parenchymal
stripes, and retractions to the image creates the organizing
pneumonia pattern in the later stages. This may progress to
parenchymal bands and fibrosis or show complete resolution
in later stages. In this study, full resolution of CT findings was
seen in 17 CT scans and was significantly more prevalent in pa-
tients of younger age and with lower initial CT severity scores.

Compete resolution of CT findings was seen in one patient
(0.8%) in the third-fourth week after the presentation and in
16 (12.3%) patients in the later times. In the previous similar
studies, a higher percentage of patients showed complete reso-
lution of CT findings and this could be due to the fact that only
hospitalized patients were followed up in our study and patients
with milder forms of disease were not included [17,18] 

The single most significant contributing factor in the com-
plete resolution of CT findings was the age of the patient,
which was significantly lower in patients with complete resolu-
tion. The initial CT severity score also was significantly higher
in patients in whom residual parenchymal changes (fibrosis,
parenchymal bands, etc.) remained in the chronic phase. The
findings are in line with several other studies; However, in some
previous studies, more other factors such as ICU admission,
duration of hospitalization and level of leukocytosis have also
been mentioned as the risk factors which could be related to
complete resolution [18,19] . 

There are several limitations to our study. First, we had a rel-
atively small number of patients included. Second, we only in-
cluded hospitalized patients in our research, and the results may
not apply to milder forms of the disease in outpatients. Third,
since lung biopsy was not performed on our studied cohort, the
imaging-histopathological correlation could not be performed
in our study. Fourth, only one radiologist interpreted the im-
ages in our study. Finally, although we followed up with the
patients as long as possible, the long-term follow-up CT scan
was not acquired in some patients, and we could not follow
them to a later point. 

Conclusion 

In conclusion, there are temporal patterns of lung abnormal-
ities. The predominant CT pattern was alveolar infiltrate in the
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first and second weeks of the disease, replaced with an organiz-
ing pneumonia pattern in the third and fourth weeks. The CT
severity score was the highest in the second and third weeks
of presentation when severity correlated significantly with the
risk of ICU admission. Complete CT resolution was also more
common in patients with lower initial CT severity scores and
younger ages. 
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