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Chest CT imaging features of COVID-19 pneumonia: First radiological 
insights from Porto, Portugal 
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H I G H L I G H T S  

• The most common imaging findings of COVID-19 in our patient group were multilobar ground-glass opacities and parenchymal consolidation. 
• Older age, opacities with diffuse distribution in the axial plane and a higher CT severity index were associated with worse short-term prognosis. 
• The presence of rounded opacities or patterns resembling organizing pneumonia were associated with favorable short-term prognosis.  
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A B S T R A C T   

Introduction: The outbreak of a highly infectious respiratory disease – COVID-19 - has spread globally and a novel 
type of coronavirus (SARS-CoV-2) was identified as its cause. Chest CT findings have been described as an aid for 
COVID-19 diagnosis and management. We aimed to describe the CT imaging characteristics in a group of COVID- 
19 patients while we also intended to assess if any of these radiological features were associated with short-term 
prognosis. 
Materials and methods: CT examinations from 164 consecutive patients with at least one positive RT-PCR nucleic 
acid assay for SARS-CoV-2 were retrospectively analyzed. Numerous CT imaging features were recorded inde-
pendently by two radiologists. Patients were grouped according to their status 14 days after the initial CT scan in 
either discharged/hospitalized in a non-ICU ward (favorable prognosis group) versus deceased/admitted to an 
intensive care unit (unfavorable prognosis group). 
Results: Ground-glass opacities (89.0 %) and consolidations (73.2 %) with multilobar involvement were the 
predominant imaging findings, while a nodular pattern (3.7 %) and cavitation (1.2 %) were uncommon. Mean 
age was higher in the mortality/ICU group. Ground-glass opacities and consolidations were dominant in both 
groups, but distribution pattern of abnormalities was different, being more often diffuse in the mortality/ICU 
group. Linear opacities and opacities that were rounded in shape were more frequently observed in the favorable 
prognosis group. CT severity index was significantly higher in the mortality/ICU group. For assessing unfavor-
able prognosis, the best cut-off for CT severity index was 24 (sensitivity 78 %; specificity 59 %). Interobserver 
agreement for all CT findings was excellent. 
Conclusion: COVID-19 pneumonia in Porto, Portugal, manifests as multilobar ground-glass opacities and con-
solidations. Older age, diffuse distribution and increasing CT severity index are associated with worse short-term 
prognosis while linear opacities resembling organizing pneumonia and rounded opacities herald a more favor-
able prognosis.   

1. Introduction 

The outbreak of coronavirus disease 2019 (COVID-19), a highly 

infectious respiratory disease first reported in Wuhan, Hubei province, 
China in December 2019, has now spread globally infecting more than 
26 million people in the whole world and caused more than 864,000 
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fatalities as of 4 September 2020 [1,2]. A new type of coronavirus with 
over 70 % genetic similarity to SARS-CoV was identified as the culprit 
and named SARS-CoV-2 by the World Health Organization (WHO) 
[3–5]. In Portugal the first case was confirmed on March 2, 2020. Since 
then, more than 59,000 cases have been confirmed, with approximately 
40 % being reported in the Northern region of the country [6]. Diagnosis 
of COVID-19 is mainly based on clinical and epidemiological criteria, 
with reverse transcription polymerase chain reaction (RT-PCR) being 
considered the gold-standard for diagnosis [7]. It is well established that 
chest CT findings are important in the diagnosis and management of 
respiratory diseases and numerous recent studies addressed the most 
common radiological findings of COVID-19 infection [8–19]. These 
encompass bilateral, multilobar ground-glass opacities with or without 
consolidation or interlobular and intralobular septal thickening (the 
so-called crazy-paving pattern) and features of organizing pneumonia 
(band-like opacities, perilobular opacities and reverse halo sign). The 
main purpose of this study was to review and describe the chest CT 
findings in a group of patients with RT-PCR confirmed SARS-CoV-2 
infection. We also aimed to assess the relationship, if any, between 
imaging findings at presentation and short-term prognosis of these 
patients. 

2. Materials and methods 

2.1. Patients 

This retrospective study was approved by the Institutional Review 
Boards of our Hospital and written informed consent was waived by the 
ethical committee. 

Between March 3 and April 19, 2020, 186 CT examinations from 164 
consecutive patients were retrospectively analyzed. All patients had at 
least one positive result by RT-PCR nucleic acid assay for SARS-CoV-2 in 
respiratory secretions obtained either by naso/oropharyngeal swab, 
coughing or endotracheal aspirate. For the assessment of short-term 
prognosis, patients were grouped according to their status at 14 days 
after the initial CT scan in either discharged/hospitalized in a non-ICU 
ward (favorable prognosis group) versus deceased/admitted to an 
intensive care unit (unfavorable prognosis group). 

2.2. CT acquisition and interpretation 

CT scans were obtained with patients in supine position at full end- 
inspiration, using one of the following two scanners: SOMATOM go. 
Up or SOMATOM go.Now (Siemens Healthineers, Germany). One- 
hundred sixty-eight (90.3 %) examinations were performed without 
use of contrast media and 18 (9.7 %) examinations were done with 
intravenous contrast use. Images were reconstructed with slice thickness 
of 3 mm (with 3 mm reconstruction intervals) and 1 mm (with 10 mm 
reconstruction intervals). CT examinations were archived in picture 
archiving and communication systems (PACS) and were analyzed 
independently by two radiologists (A.C. and R. C., with 6 and 18 years of 
experience in chest CT interpretation, respectively). Evaluators read CT 
features using axial or multiplanar reconstructed images either in lung 
and mediastinal window settings. Each scan was evaluated for: (a) 
presence of ground-glass opacities, (b) presence of consolidation, (c) 
number of involved pulmonary lobes, (d) presence of predominantly 
nodular pattern, (e) presence of crazy-paving pattern, (f) presence of 
cavitation, (g) presence of pleural effusion, (h) presence of mediastinal 
or hilar lymphadenopathy, defined as lymph-node short-axis ≥ 10 mm, 
(i) presence of underlying lung disease, such as emphysema, fibrosing 
lung disease or bronchiectasis, (j) presence of linear opacities resem-
bling patterns of organizing pneumonia, such as band-like opacities, 
reverse halo sign and perilobular opacities, (k) airspace opacification 
distribution pattern and (l) presence of the halo sign. All radiological 
findings were assessed as defined by the glossary of terms from the 
Fleischner Society [20]. The number of involved pulmonary lobes 

ranged from 1 to 5 with the lingula counting as part of the left upper 
lobe. Opacification distribution pattern was defined as peripheral if it 
involved the outer-third of the lung on axial slices, as central if involved 
mainly the two inner-thirds or as mixed if no predominance was 
observed. We also applied a “CT severity index” as described by Feng 
and colleagues [21]. Briefly, we divided the lung in 6 zones: upper, mid 
and lower zones (both right and left) using the carina and right inferior 
pulmonary vein as anatomical landmarks. A CT score of 2 was applied 
for ground-glass opacities and of 3 for consolidation. Involvement of 
each lung zone was then categorized according to the extent of disease: 
0 as normal, 1 as < 25 % involvement, 2 as 25–50 % involvement, 3 as 
50–75 % involvement and 4 as >75 % involvement. The four-point scale 
of the lung parenchyma disease extension was multiplied by the CT 
score and points from all zones were summed for a final total score 
which ranged from 0 to 72. Discrepancies in radiological assessment 
were resolved by consensus. 

2.3. Statistical analysis 

Categorical variables are presented as numbers (and percentages), 
while continuous variables are presented as means (and standard de-
viations). In the univariate analysis, Chi-square test was performed to 
assess differences between frequencies and t-test was used to compare 
mean values between patients with favorable and unfavorable prog-
nosis. A multivariate logistic regression model was also performed. 
Variables in the final model were selected by a stepwise method both 
backwards and forwards. Those final variables in the logistic regression 
model are independently associated with the prognosis at 14 days. The 
Hosmer–Lemeshow goodness-of-fit test was used to evaluate the overall 
fit of the final model. Interobservers’ reproducibility and agreement for 
CT interpretation was assessed with overall agreement and Cohen’s 
kappa for dichotomous variables and through Intraclass Correlation 
Coefficient (ICC) and Information Based Measure of Disagreement 
(IBMD) for CT severity index. The area under ROC curve (AUC) and 95 
% confidence limits were used to assess the predictive power of the CT 
severity index. Maximum value of Youden’s J-index was used to deter-
mine the cut-off value with best sensitivity and specificity for the 
severity index. Two-sided P-values lower than 0.05 were considered 
statistically significant. All statistical analysis and graphical represen-
tations were performed within R Studio, a computing environment for R 
programming language. 

3. Results 

Of a total of 164 patients, 93 (56.7 %) were male and 71 (43.3 %) 
were female. Mean patient age was 64.7 ± 17.3, ranging from 2 to 96 
years. CT examinations were performed on average 10.9 ± 6.6 days after 
symptom onset. Respiratory artifacts which degraded image quality 
were present in 14 examinations (8.4 %). Eleven patients (6.7 %) had a 
normal chest CT scan. As expected, ground-glass opacities (89.0 %) and 
consolidations (73.2 %) with multilobar involvement were the pre-
dominant imaging findings, while a nodular pattern (3.7 %) and cavi-
tation (1.2 %) were highly uncommon. Most patients (146, 89.0 %) had 
at least 2 involved lobes, with 114 patients (69.5 %) having involvement 
of all five pulmonary lobes. Left lower lobe was the most frequently 
involved lobe (150, 91.5 %), whereas the right middle lobe was the least 
frequent (129, 78.7 %). 

In the two-week follow-up period after the initial CT scan, 130 (79.3 
%) patients were either discharged home or admitted to a routine ward 
(non-ICU), twenty-seven patients (16.4 %) were either deceased or 
admitted to an intensive care unit (ICU) and 7 patients (4.3 %) were 
transferred to another institution and follow-up was lost. In the uni-
variate analysis, mean age was significantly higher in the mortality/ICU 
group (71.1 ± 12.4 vs. 63.3 ± 18.2 p = 0.04). Ground-glass opacities and 
consolidations were the dominant feature in both groups, but distribu-
tion pattern of abnormalities was significantly different, being more 
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often diffuse (central + peripheral) in the mortality/ICU group (81.5 % 
vs. 44.6 % p = 0.01). A purely central distribution was rarely found in all 
patients (5 of 164, 3.0 %). Linear opacities resembling patterns of 
organizing pneumonia and opacities that were mostly rounded in shape 
were more frequently observed in the favorable prognosis group (53.8 % 
vs. 25.9 %, p = 0.02). Of note, the CT severity index was significantly 
higher in the mortality/ICU group than in the favorable prognosis group 
(32.0 ± 14.4 vs. 20.9 ± 11.9 p < 0.001). CT imaging features across the 
study population are listed in Table 1. 

For multivariate analysis and for an initial logistic regression model 
with stepwise (both directions) selection of variables, the presence of 

opacities with rounded morphology (OR = 0.2; 95 %CI =]0.04; 0.8[) 
and the presence of linear opacities consistent with organizing pneu-
monia (OR = 0.1; 95 %CI =]0.02; 0.39[) were associated with a favor-
able prognosis at 14 days while the CT severity index (OR = 1.1; 95 %CI 
=]1.01; 1.13[) and patient origin (non-ICU ward: OR = 3.8; 95 %CI =] 
0.83; 17.12[; ICU: OR = 53.0; 95 %CI =]2.95; 952.12[) was predictive of 
a worse outcome. Time of examination after symptom onset was also 
included in this model, but did not reach a statistically significant result. 
The Hosmer and Lemeshow goodness of fit (GOF) test had a p- 
value = 0.293, so we conclude this model is a good fit for the data. 

For the assessment of unfavorable prognosis at 14 days by CT 
severity index we obtained an AUC of 0.73 (Fig. 1). According to the 
Youden index method, the best cut-off for CT severity index was 24 with 
a sensitivity of 78 % and a specificity of 59 %. 

When considering a CT severity index > 24 as a predictive variable 
for short-term prognosis instead of CT severity index as a continuous 
variable, in a logistic regression model, the presence of opacities with 
rounded morphology and the presence of linear opacities were still 
predictive of a favorable outcome while a CT severity index > 24 and 
patient origin remained predictive of a worse outcome. When we 
excluded patient origin from analysis we obtained a final model in which 
rounded morphology (OR = 0.2; 95 %CI =]0.04; 0.7[) and linear 
opacities (OR = 0.1; 95 %CI =]0.03; 0.38[) are protective factors and CT 
severity index ≥ 24 (OR = 5.6; 95 %CI =]1.55; 19.9[) is a risk factor for 
being either dead or admitted to an ICU at 14 days. For this model we 
obtained a p-value of 0.94 for the GOF test and we concluded for the 
good fit of the model to the data. 

Agreement between observers within CT findings, was very high 
with overall agreements almost perfect and kappa values higher than 
0.83. Regarding the CT severity index, ICC was 0.94 (95 %CI = [0.92; 

Table 1 
Epidemiologic and CT imaging features in all patients and in two short-term prognosis groups. Favorable prognosis includes patients either discharged home or 
admitted to a routine hospital ward (non-ICU). Unfavorable prognosis refers to patients who either died or were admitted to an ICU 14 days after the initial CT scan.   

All patients 
(n = 164) 

Favorable prognosis group 
(n = 130) 

Unfavorable prognosis group 
(n = 27) 

p value 

Sex, n (%) Male 93 (56.7 %) 71 (54.6 %) 17 (63.0 %) 0.56 
Female 71 (43.3 %) 59 (45.4 %) 10 (37.0 %) 

Age, mean (SD) 64.7 (17.3) 63.3 (18.2) 71.1 (12.4) 0.036 
Days after onset, mean (SD) 10.9 (6.6) 11.2 (6.7) 8.7 (5.5) 0.097 

Origin, n (%) 

Outpatient 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 

<0.001 
ER 54 (32.9 %) 44 (33.8 %) 4 (14.8 %) 
Non-ICU ward 100 (61.0 %) 85 (65.4 %) 14 (51.9 %) 
ICU 10 (6.1 %) 1 (0.8 %) 9 (33.3 %) 

GGO, n (%) 146 (89.0 %) 113 (86.9 %) 26 (96.3 %) 0.29 
Consolidation, n (%) 120 (73.2 %) 90 (69.2 %) 24 (88.9 %) 0.065 
Nodules, n (%) 6 (3.7 %) 4 (3.1 %) 2 (7.4 %) 0.606 

Number of affected lobes, n (%) 

0 10 (6.1 %)  
1 8 (4.9 %) 
2 5 (3.0 %) 
3 7 (4.3 %) 
4 20 (12.2 %) 
5 114 (69.5 %) 

Number of affected lobes, mean (SD) 4.2 (1.5) 4.1 (1.6) 4.7 (1.0) 0.06 

Affected lobes, n (%) 

RUL 136 (82.9 %) 104 (80.0 %) 25 (92.6 %) 0.201 
RML 129 (78.7 %) 97 (74.6 %) 25 (92.6 %) 0.074 
RLL 136 (82.9 %) 105 (80.8 %) 24 (88.9 %) 0.467 
LUL 138 (84.2 %) 106 (81.5 %) 25 (92.6 %) 0.262 
LLL 150 (91.5 %) 116 (89.2 %) 27 (100 %) 0.157 

Round morphology, n (%) 60 (36.6 %) 54 (41.5 %) 4 (14.8 %) 0.016 
Linear opacities, n (%) 81 (49.4 %) 70 (53.8 %) 7 (25.9 %) 0.015 
Crazy-paving, n (%) 55 (33.5 %) 41 (31.5 %) 11 (40.7 %) 0.484 
Halo sign, n (%) 20 (12.2 %) 17 (13.1 %) 2 (7.4 %) 0.619 

Distribution pattern, n (%) 
Peripheral 60 (40.0 %) 54 (41.5 %) 4 (14.8 %) 

0.009 Central 5 (3.3 %) 4 (3.1 %) 1 (3.7 %) 
Peripheral + central 85 (56.7 %) 58 (44.6 %) 22 (81.5 %) 

Cavitation, n (%) 2 (1.2 %) 1 (0.8 %) 1 (3.7 %) 0.769 
Lymphadenopathy, n (%) 32 (19.5 %) 22 (16.9 %) 8 (29.6 %) 0.208 
Pleural effusion, n (%) 45 (27.4 %) 33 (25.4 %) 10 (37.0 %) 0.318 
Underlying lung disease, n (%) 36 (21.9 %) 25 (19.2 %) 9 (33.3 %) 0.173 
CT Severity Index, mean (SD) 23.2 (13.1) 20.9 (11.9) 32.0 (14.4) <0.001  

Fig. 1. Receiver Operating Characteristic (ROC) Curve for the CT severity index 
on unfavorable prognosis at 14 days. AUC, Area Under the Curve. 
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0.96]) and IBMD was 0.15 (95 %CI = [0.12; 0.18]). 

4. Discussion 

We conducted this retrospective study to describe the chest CT im-
aging characteristics in a Portuguese cohort of COVID-19 patients while 
we also aimed to assess if any of these radiological features was asso-
ciated with short-term prognosis. 

Although CT is considered non-specific for evaluation of COVID-19 
pneumonia, our data is consistent with previously reported series [22, 
23] in that we found that most patients present with mutifocal, multi-
lobar ground-glass opacities as the predominant imaging pattern. 
Parenchymal consolidation was also a very common finding. We did not 
find, however, a clear lower lobe predominant or peripheral predomi-
nant distribution of abnormalities, with only 40 % of patients presenting 
exclusively with a peripheral pattern (although 88 % of patients 

Fig. 2. CT imaging appearance from patients 
on unfavorable prognosis group. A and B: CT 
images from a 65-year-old female patient 9 
days after symptom onset showing bilateral, 
multifocal ground glass and consolidative 
opacities with both central (peri-
bronchovascular) and peripheral involvement. 
Some superimposed reticular abnormality 
(crazy-paving) is noted on left upper lobe (cir-
cle). Consensus CT severity index for this pa-
tient was 41. C and D: CT scan from a 72-year- 
old male patient 4 days after symptom onset 
depicts extensive bilateral ground-glass opaci-
fication with peripheral predominance with 
some areas of consolidation on both lower 
lobes. Centrilobular emphysema is also present. 
CT severity index for this patient was 44.   

Fig. 3. CT imaging appearance from patients 
on favorable prognosis group. A and B: CT im-
ages from a 25-year-old female patient 8 days 
after symptom onset showing bilateral ground- 
glass opacities with rounded morphology. 
Note some areas of increased density within 
ground-glass opacification which could repre-
sent either subsegmental vessel enlargement or 
foci of consolidation (halo sign). CT severity 
index = 20. C and D: CT scan from a 65-year-old 
male 12 days after symptom onset. Bilateral 
peripheral ground-glass opacities are noted. 
Surrounding some of these opacities we can see 
a thin line of consolidation (reverse halo sign, 
circle), suggesting organizing pneumonia.   
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ultimately had peripheral involvement). Important negatives were, as 
expected, the presence of cavitation (in fact, our 2 cases with cavitation 
were assumed to be related to superimposed bacterial infection) and a 
nodular/micronodular pattern of disease. We also reported a slightly 
higher prevalence of pleural effusions (27 %), which we postulated that 
can be related to the relatively higher mean age of our cohort (65 years). 
We have also found a relatively higher than normal proportion of pa-
tients with lymphadenopathy (20 %), yet not as high as described in 
Rome, Italy [15]. 

For assessing short-term prognosis, patients were divided into two 
distinct groups according to their status at 14 days after the initial CT 
examination: a favorable prognosis group (patients either discharged or 
admitted to a non-ICU ward) and an unfavorable prognosis group (pa-
tients who either died or were admitted to an ICU). When these prog-
nostic groups were compared, we found that older age, pulmonary 
opacities with diffuse distribution in the axial plane (both peripheral and 
central) and a higher CT severity index were all associated with a worse 
outcome (Fig. 2). Consolidations were most commonly found on the 
unfavorable prognosis group but this difference did not reach statistical 
significance (88.9 % vs. 69.2 %, p = 0.06). We also did not find signif-
icant differences in prevalence of a crazy-paving pattern or the halo sign, 
pleural effusions, lymphadenopathy or underlying lung disease between 
groups. A diffuse pattern (peripheral + central) could probably be 
related to more severe patterns of lung damage (e.g. diffuse alveolar 
damage) and may impact prognosis. An ideal cut-off value for the CT 
severity index of 24 (sensitivity of 78 % and specificity of 59 %) was 
found, which is in keeping with the findings recently reported by Yuan 
and colleagues [24] (albeit with reduced sensitivity and specificity). 
This data supports the idea that the volume of affected lung may have a 
key role in clinical severity of SARS-CoV-2 pneumonia [25–27]. 

On the other hand, the presence of opacities with rounded 
morphology and findings suggesting organizing pneumonia (band-like 
opacities, perilobular opacities and reversed halo sign) were associated 
with favorable outcome (Fig. 3) and this association kept statistically 
significant even after multivariate analysis and after adjusting for the CT 
severity index. Organizing pneumonia patterns have been previously 
associated with stable disease [28] but, to the best of our knowledge, the 
association between pulmonary opacities with rounded morphology and 
favorable short-term prognosis has not yet been previously described. 

We found a very high interobserver agreement, not only for each 
isolated imaging finding (kappa values > 0.83 across all variables) but 
also on applying the CT severity index, despite the considerable different 
levels of expertise between radiologists. Also, from our personal expe-
rience, application of such score was not an extensively time-consuming 
task. This adds value to this type of visual scoring system, as the lack of 
information on interobserver agreement was a limitation in the study by 
Yuan et al. [24]. 

Our study is not without limitations. First, it is a retrospective study 
from a single center. The proportion of examinations with considerable 
respiratory artifacts was not negligible (8%). These artifacts impair 
image interpretation and can lead to overestimation of ground-glass 
opacification. Also, we did not incorporate clinical data in the analysis 
as this was designed to be a radiological study. However, the presence of 
underlying lung disease (as far as can be ascertained by the radiologist, 
such as the presence of emphysema, bronchiectasis or imaging findings 
of lung fibrosis) did not differ between prognostic groups. CT exami-
nations were performed quite late in the course of the disease. This may 
be explained because during the first weeks of the pandemic, CT was 
requested only for hospitalized patients who were not responding to 
supportive treatment. Lastly, we did not specifically evaluate some 
important CT features known to be associated with COVID-19 pneu-
monia, (e.g., subsegmental vascular enlargement). These may be tar-
geted in future studies. 

5. Conclusion 

COVID-19 pneumonia in Porto, Portugal, manifests as multilobar 
ground-glass opacities and consolidations. Older age and diffuse distri-
bution of abnormalities in the axial plane and are associated with worse 
short-term prognosis while the presence of linear opacities resembling 
organizing pneumonia and opacities that are rounded in shape herald a 
more favorable prognosis. A CT severity index > 24 is a reproducible 
measure for assessing short-term prognosis in these patients. 
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